


























 略語  
[α]   specific rotation 
A1,3   1,3-allylic 
 Å   ångström  
Ac   acetyl 
ADDP  1,1’-(azodicarbonyl)dipiperidine 
AIBN  2,2’-azobisisobutyronitrile 
aq.    aqueous  
Ar   aryl 
AZADO  2-azaadamantane-N-oxyl 
BHT  dibutylhydroxytoluene 
Bn   benzyl 
Boc   tert-butoxycarbonyl 
BOM  benzyloxymethyl 
BOP-Cl  bis(2-oxo-3-oxazolidinyl)phosphonyl chloride 
br   broad (spectral) 
BTSP  bis(trimethylsilyl)peroxide 
Bu   butyl 
Bz   benzoyl 
c   concentration 
°C   degrees Celsius 
Calcd.  calculated value 
cat.   catalytic amount 
Cbz   benzyloxycarbonyl 
cm–1   wavenumber(s) 
cod   1,5-cyclooctadiene 
conc.  concentrated 
CSA  10-camphorsulfonic acid 
δ   chemical shift 
d   day(s); doublet (spectral) 
dd   double doublet (spectral) 
ddd   double double doublet (spectral) 
dddd  double double double doublet (spectral) 
DBU  1,8-diazabicyclo[5.4.0]undec-7-ene 
DCE  1,2-dichloroethane 
DCC  N,N’-dicyclohexylcarbodiimide 
DEAD  diethyl azodicarboxylate 
DHP  3,4-dihydro-2H-pyran 
DIAD  diisopropyl azodicarboxylate 
 DIBAL  diisobutylaluminum hydride 
DIPEA  N,N-diisopropylethylamine 
DMAP  4-(dimethylamino)pyridine 
DMDO  dimethyldioxirane 
DMF  N,N-dimethylformamide 
DMP  Dess-Martin periodinane 
DMSO  dimethylsulfoxide 
dppf   1,1'-bis(diphenylphosphino)ferrocene 
dppp  1,3-bis(diphenylphosphino)propane 
EDTA  ethylenediaminetetraacetic acid 
ee   enantiomeric excess 
EGFR  epidermal growth factor receptor 
ent   enantiomer 
epi   epimer 
equiv  equivalent(s) 
ESI   electrospray ionization 
Et   ethyl 
FAB  fast atom bombardment 
g   gram(s) 
h   hour(s) 
HATU   O-(7-azabenzotriazol-1-yl)-N,N,N’,N’-tetramethyluronium hexafluorophosphate 
HMDS  hexamethyldisilazane 
HMBC  heteronuclear multiple bond correlation spectroscopy  
HMPA  hexamethylphosphoric triamide 
HOAt  1-hydroxy-7-azabenzotriazole 
HRMS  high-resolution mass spectrometry 
Hz   hertz 
i   iso 
IBX   o-iodoxybenzoic acid 
IC50   half maximal inhibitory concentration 
Im   imidazole 
IR   infrared  
J   coupling constant 
KHMDS  potassium hexamethyldisilazide 
L   liter(s) 
LAH  lithium aluminum hydride 
liq.   liquid 
LDA  lithium diisopropylamide 
LRMS  low-resolution mass spectrometry 
µ   micro 
 m   milli; multiplet (spectral) 
m   meta 
M   molar 
M+   parent molecular ion 
m-CPBA  m-chloroperbenzoic acid 
Me   methyl 
MEM  (2-methoxyethoxy)methyl 
MES-Na  sodium 2-mercaptoethanesulfonate 
MIC   minimum inhibitory concentration 
min   minute(s) 
MMFF  Merck molecular force field 
MNBA  2-methyl-6-nitrobenzoic anhydride 
mol   mole(s) 
MOM  methoxymethyl 
MOP  2-methoxy-2-propyl 
mp   melting point 
MPLC  medium-pressure liquid chromatography 
Ms   methanesulfonyl (mesyl) 
MS   mass spectrometry; molecular sieve 
m/z   mass-to-charge ratio 
MW   microwave 
n   nano 
n   normal 
NaHMDS sodium hexamethyldisilazide 
NBS  N-bromosuccinimide 
NCS  N-chlorosuccinimide 
NMO  N-methylmorpholine N-oxide 
NMR  nuclear magnetic resonance 
NOE  nuclear overhauser effect 
nor-AZADO 9-azanoradamantane-N-oxyl 
Ns   nitrobenzenesulfonyl (nosyl) 
p   para 
P   protecting group 
pKa   acid dissociation constant 
Ph   phenyl 
PNB  p-nitrobenzoyl 
ppm part(s)  per million 
PPTS  pyridinium p-toluenesulfonate 
Pr   propyl 
PTLC  preparative thin layer chromatography 
 Py   pyridine 
q   quartet (spectral) 
quant  quantitative yield 
R   alkyl 
Rf   retention factor (in chromatography) 
RNA  ribonucleic acid 
rsm   recovered starting material 
rt   room temperature 
s   singlet (spectral) 
sat.   saturated 
SM   starting material 
Su   succinimidyl 
t   triplet (spectral) 
t   tertiary 
TBAF  tetrabutylammonium fluoride 
TBAI  tetrabutylammonium iodide 
TBDPS  tert-butyldiphenylsilyl 
TBHP  tert-butyl hydroperoxide 
TBS   tert-butyldimethylsilyl 
temp.  temperature 
TEMPO  2,2,6,6-tetramethyl-1-piperidinyloxy free radical 
Teoc  2-(trimethylsilyl)ethoxycarbonyl 
Tf   trifluoromethanesulfonyl (triflyl) 
TFA   trifluoroacetic acid 
TFAA  trifluoroacetic anhydride 
THF   tetrahydrofuran 
THP   tetrahydropyran-2-yl 
TIPS  triisopropylsilyl 
TLC   thin layer chromatography 
TMAD  N,N,N’,N’-tetramethylazodicarboxamide 
TMS  trimethylsilyl; tetramethylsilane 
tol   tolyl 
TPP   5,10,15,20-tetraphenylporphyrin 
Tr   trityl 
Troc   2,2,2-trichloroethoxycarbonyl 
Ts   p-toluenesulfonyl (tosyl) 
TSE   2-(trimethylsilyl)ethyl 
UHP  urea-hydrogen peroxide complex 
WSCD  water soluble carbodiimide 
xs   excess 
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類に着目した (Figure 1)。1 そして、その中でもいまだ十分に合成法が確立されていない特異な






























































Figure 1. Dithiodiketopiperazines possessing dihydrooxepine 
 2 
1  背景  
1.1. Acetylaranotin 
 Acetylaranotin (1)は、1968 年 Neuss らによって真菌 Arachniotus aureus より単離、構造決定され
たジチオジケトピペラジンである (Figure 2)。2 また、同年、Trown らにより菌株 Aspergillus terreus



















ていなかったが、2012 年に Reisman らによって初の不斉全合成が報告された。4 1 は、ウイルス
RNA ポリメラーゼ阻害作用により、インフルエンザウイルスやポリオウイルスの増殖を抑制する。さ
らに、ヒト結腸がん細胞に対するアポーシス誘引作用も有している (IC50 = 21.2 µM)。選択性にも
優れており、正常細胞の RNA 合成阻害を行うには、ウイルス RNA 合成阻害に要する 250 倍の濃
度が必要であると報告されている。また、1 の類縁体も有用な生物活性を示すことが明らかにされ
ている。ジヒドロオキセピンが縮環したプロリンユニットとジヒドロベンゼンが縮環したプロリンユニッ
トからなるジチオジケトピペラジンである acetylapoaranotin (2)は、1 と同様にヒト結腸がん細胞に対
するアポーシス誘因作用を有することが報告されている (IC50 = 13.8 µM)。 Emethallicin A (3)は、
マスト細胞からのヒスタミンの遊離を抑制する。5 Acetylaranotinと同様の母骨格を持ちながらも、異

































IC50 = 30 nM
ヒト結腸がん細胞の細胞死誘引作用






















MIC value of 0.15 ng/mL
EGFR阻害
IC50 = 1.4 µM  
Figure 3. Analogues of (–)-acetylaranotin 
 3 
1.2. MPC1001B  
 MPC1001B (6)は、2004 年、協和発酵工業(株)の小野寺、神田らによって糸状菌 Cladorrhinum 
sp. KY4922 株から単離、構造決定されたジチオジケトピペラジンアルカロイドである。8 なお、小野
寺、神田らは同様の菌株から 6 を含む 8 種の新規化合物を単離しており、MPC1001 (8)は 1985 


























R = H: Emestrin (7)
R = Me: MPC1001 (8)  






HCT116 を M 基に集積させる作用を示すことが報告されている。Staphylococcus aureus, Bacillus 
subtilis および Enterococcus hirae などのグラム陽性菌やグラム陰性菌の Proteus vulgaris に対し、
MIC 値 2.6~83 µg/mL の抗菌活性を有することも示されている。また、ヒト大腸がん細胞株
HCT116 や WiDr に対しては、それぞれ IC50 値 3.3 nM、23 nM と、マイトマイシン C やアドリアマ
イシンの 10 倍程度の細胞増殖抑制活性を示すことも知られている。さらに、ヒト前立腺がん細胞
に対しても強力な増殖抑制作用(MPC1001B: IC50 = 39 nM, MPC1001: IC50 = 9.3 nM)を示すなど、
薬学的観点からも非常に興味深い化合物である。 
 
1.3. 生合成経路  
 ジヒドロオキセピン骨格を有するジチオジケトピペラジン類の生合成経路は、いまだに明らかに
されていない。しかし、Neuss らは、gliotoxin の生合成経路を参考にして、フェニルアラニンが酸化
されることによりジヒドロオキセピンが生成すると提唱している (Scheme 1)。10 まず、酵素によりベ
ンゼン環がエポキシド 10 へと酸化される。その後、アミド窒素の求核攻撃によりエポキシド 10 が開
環すると gliotoxin タイプの化合物 11 が生成すると考えられている。一方、aranotin タイプの化合




































Scheme 1. Proposed biosynthetic pathway for aranotin type compound 
 
 また、2013 年 Wang らは遺伝子欠損実験により acetylaranotin の新たな生合成経路を提唱して
いる (Scheme 2)。11 まず、フェニルアラニン由来のジチオジケトピペラジン 15 のベンゼン環が
AtaF 遺伝子 (epoxidase)によってエポキシ化される。続いて、Neuss らの提唱機構と同様に、ジケ
トピペラジン窒素のエポキシドへの求核攻撃による環化が進行してビスジエン 17 となった後、
AtaH 遺伝子 (acetyltransferase)によりヒドロキシ基がアセチル化をうける。その後、詳細な反応機



























































18 2  
Scheme 2. Proposed biosynthetic pathway for acetylaranotin by genome-based deletion analysis 
 MPC 類および Emestrin の生合成経路は実験的に調べられていないが、単離された類縁体の




れている。また、39 や 40 のアルデヒドは、ベンジルアルコールがレトロアルドール反応による環開
裂を起こすことにより生成していると推測されている。 
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Emestrin B (19) 3 OH H
Emestrin C (MPC1001) (8) 2 OH Me
3 OH Me




























































R1 = O, R2 = OH
R1 = S, R2 = OH
R1 = S, R2 = OMe
R1 = O, R2 = OMe
x = 2, R1 = OH, R2 = H
x = 4, R1 = OMe, R2 = OH  















































































Scheme 3. Proposed biosynthetic patheway for emestrins and MPC1001s 
 





きた。Acetylaranotin (1)および MPC1001B (6)を合成する上で鍵となるのが、特異なジヒドロオキ




































Figure 6. Characteristic structures in acetylaranotin and MPC1001B 
 
2.1. ジヒドロオキセピン骨格の構築例  
 これまでに報告されているジヒドロオキセピン骨格の構築例を以下に述べる。 
 
2.1.1. Williams らによるプロリンと縮環した 7 員環ラクトンの構築  
 Williams らは、MPC1001 の合成研究においてプロリンと縮環した 7 員環ラクトンを構築している 
(Schemes 4 and 5)。13 まず、不斉補助基を用いるジアステレオ選択的な[3+2]環化付加反応を使
って多置換ピロリジン 45 を合成している。すなわち、MS4  Å存在下でメチルアクリレート 41と
アルデヒド 42、アミン 43をトルエン中 90 °Cで加熱することで、42と 43から生じるアゾ










































Scheme 4. Preparation of substituted pyrrolidine 45 via diastereoselective [3+2] cycloaddition  
 
 その後、9 工程の変換を経て 45 を 7 員環ラクトンへと導いている (Scheme 5)。まず、45 に対し
て SnCl2 を作用させアセトニドを除去したのち、生じたジオールの酸化的解裂と Wittig 反応による
増炭を行い、α,β-不飽和アルデヒド 46 を得ている。続いて、水素添加による二重結合の還元とア
ルデヒドα位への PhSe 基導入を行うことで 47 を合成している。そして、縮合反応によってラクトン
環の形成を行っている。すなわち、Zn(BH4)2 によってホルミル基をヒドロキシ基へ還元した後、
 7 
Me3SnOH を用いるエステルのカルボン酸への変換、BOP-Cl による分子内縮合を経て、48 を合
成している。その後、過ヨウ素酸ナトリウムを 48 に作用させることで、二重結合形成を伴うセレノキ
シドの脱離を行い 49 へと導いている。以上のように、Williams らは、ピロリジンと縮環した 7 員環の
















    MeNO2-H2O
2) NaIO4, NaHCO3
    CH2Cl2
3)
    toluene
    rt to 90 °C















    EtOAc
    95%
2) piperidine, MS4Å
    CH2Cl2;
    PhSeCl
    –78 °C to rt













1) Zn(BH4)2   
    THF, –78 °C to rt
2) Me3SnOH
    toluene
3) BOP-Cl, Et3N
    MeCN






























Scheme 5. Synthesis of 7-membered lactone fusesd proline unit 
 
2.1.2. Bräse らによるテトラヒドロオキセピン骨格の構築  
 Bräse らは、ジチオジケトピペラジン類の合成研究において、閉環メタセシスを用いてプロリンと
縮環したテトラヒドロオキセピン骨格を合成している (Scheme 6)。14 まず、ピログルタミン酸 (50)を
出発原料として、カルボン酸の t-Bu エステル化とラクタム窒素の Boc 保護を行ったのち、ラクタム
カルボニルの還元、つづく脱水を経てエンカーバメート 51 を合成している。続いて、ケテン 52 と
の[2+2]反応によりシクロブタノンを形成した後、Baeyer-Villiger 酸化によって 5 員環ラクトン 53 へ
と導いている。このラクトン 53 に DIBAL と NaBH4 を順次作用させジオールまで還元し、生じるい
ずれのヒドロキシ基も TBS 基で保護している。その後、Grubbs 触媒を用いて末端オレフィンを内
部オレフィンへ異性化させた後、フッ化水素ピリジンによる第一級アルコール TBS 基の選択的に
除去、続くイリジウム触媒を用いるビニル化により、ビニルエーテル 57 を得ている。そして、第二級
アルコールの TBS 基を除去した後、第二世代 Grubbs 触媒を用いて閉環反応を行い、テトラヒドロ
















































2) Boc2O, cat. DMAP
    MeCN, 0 °C to rt
3) LiBH4
    toluene, –78 °C;
    TFAA, DIPEA
    –78 °C to rt














    MeOH, rt
2) TBSOTf
    2,6-lutidine
    CH2Cl2, –78 °C







    THF, 0 °C
2) cat. [Ir(cod)Cl]2
    vinyl acetate
    Na2CO3
    toluene, 110 °C




    THF, rt
 
2) GrubbsII cat.
    toluene, 110 °C
    87% (2 steps)
1)
    cyclohexane
    reflux, 77%
2) m-CPBA
    NaHCO3
    CH2Cl2, rt
    78%
· O52
 
Scheme 6. Synthesis of tetrahydrooxepine 58 
 
2.1.3. Smith らによるジヒドロオキセピン骨格の構築法  
 Smith らは、2,3-ジビニルエポキシドの Cope 転位により、4,5-ジヒドロオキセピンを構築している 
(Scheme 7)。15 まず、ブロモアルケン 59 とプロパルギルアルコール (60)の薗頭カップリングにより
得られるエンイン 61 の Rieke 亜鉛によるアルキンのシス還元、二重結合の位置選択的エポキシ
化、続くヒドロキシ基の酸化を経て、アルデヒド 62 を得ている。その後、62 に対して、
Horner-Wadsworth-Emmons 反応を行うことで幾何異性の異なるシスジアルケニルエポキシド 64 と
67 をそれぞれ合成している。続いて、加熱条件下、Cope 転位により、64 からは 4,5 位の側鎖がシ































































Scheme 7. Synthesis of 4,5-disubstituted 4,5-dihydrooxepine 
 
 最近、Krenske、Rizzacasa らは、ビニルピロールエポキシド 71 の Cope 転位によってピロリジンと
縮環したジヒドロオキセピンを構築している (Scheme 8)。16 まず、エステル 70 と LDA から生じるジ
エノラートとアルデヒド 69 とのビニロガス Darzens 反応を行い、ビニルピロールエポキシド 71 を合
成している。その後、四塩化炭素中 150 °C で加熱することで Cope 転位を進行させ、ジヒドロオキ
セピン構築に成功している。Krenske、Rizzacasaらは、エポキシドに置換したエステル側鎖がCope
転位に必須であることを、基質 73 や 74 を用いる実験および計算化学によって見いだしている。














































Scheme 8. Synthesis of 4,5-dihydrooxepine using Cope rearrangement 
 
2.1.4. Snapper らによるジヒドロオキセピン骨格の構築法  
 Snapper らは、シクロブテン 75 のエポキシ化を行ったのち、シクロブタン環の歪みを利用して、熱




























Scheme 9. Synthesis of 4,5-disubstituted 4,5-dihydrooxepine 
 
 ジアステレオマー77 と epi-77 が得られる理由は以下のように考えられている (Scheme 10)。まず、
77 は、C4 位と C6 位でのシクロブタン環のホモリティックな開裂によりビラジカル 79 を生成した後、
テトラヒドロフラン環のフリップ、C3 位と C4 位および C6 位と C7 位での二重結合の形成を経て得
られる。一方、epi-77 は、C3 位と C7 位でのシクロブタン環のホモリティックな開裂によりビラジカル
82 を生成した後、83 への 6 員環のフリップ、C1 位と C7 位および C2 位と C3 位での二重結合形





















































































Scheme 10. Plausible mechanism for the formation of dihydrooxepines 
 
2.1.5. 岸、Goodman らによるジヒドロオキセピン骨格の構築  
 岸、Goodman らは、転位反応による 6 員環から 7 員環への環拡大を利用して過酸化物 86 から
ジヒドロオキセピン 90 を合成している (Scheme 11)。18 まず、86 のヒドロペルオキシ基をパラニトロ
ベンゾイル化して活性化した後、BF3·OEt2 を作用させることで、転位反応を行いテトラヒドロオキセ
ピン 89 へと導いている。続いて、0.45 torr の減圧条件下にて 250 °C で加熱することで、パラニト














–45 to –20 °C
cat. BF3·OEt2























Scheme 11. Formation of dihydrooxepine reported by Kishi and Goodman 
 11 
 また、岸らは、ヒドロペルオキシ基の立体化学がαであると E2 型の脱離反応成績体であるエノン






























Scheme 12. Effect of stereochemistry 
 
2.1.6. Nicolaou らによるジヒドロオキセピン骨格の構築  
 Nicolaou らは、Wipf らによって合成法が確立されたエノン 93 からジエン 98 を経てジヒドロオキ




障害の少ない convex 面から接近するため面選択性が発現すると考えられている。そして、C6 位ヒ







































    cat. TPP
    CH2Cl2, rt
2) thiourea
    MeOH, rt



































Scheme 13. Preparation of diene 98 
 
 続いて、Nicolaou らはシクロヘキサジエン 98 からジヒドロオキセピンへの変換を試みている 
(Scheme 14)。まず、シクロヘキサジエン 98 とジアゾ化合物の Diels-Alder 反応により 99 を合成し
ている。この時、ジアゾ化合物は、シロキシ基との立体障害を避けてα面から接近すると考えられ






























































Scheme 14. Unsuccessful formation of dihydrooxepine 
 
 次に、Nicolaou らは、ニトロソ化合物を用いてジヒドロオキセピンへ導く検討を行っている 
(Scheme 15)。求ジエン体としてアシルニトロソ化合物 105 を用いて、シクロヘキサジエン 98 との















































Scheme 15. Synthesis of dihydrooxepine 108 by ring expansion of epoxide 
 
2.1.7. Clive らによる MPC1001 (8)の合成研究  
 Clive らは、MPC1001 (8)の合成研究において、ジヒドロオキセピン骨格の構築に成功している 
(Schemes 16-18)。20 まず、4-ヒドロキシプロリン誘導体 109 とグリシン由来の酸塩化物 110 の縮合
により、アミド 111 を得ている。その後、4 工程の変換を経てケトン 113 へ導き、水素化ナトリウムを
 13 
作用させることにより、ジケトピペラジン 114 を合成している。次に、DBU 存在下、115 を作用させ
ることにより、β-ケトアミドのα位にトリメチルシリルエチルチオ基を導入している。115 はピロリジン環
上のシロキシメチル基を避け、α面から反応する。その後、ケトンの面選択的還元、生成するヒドロ
キシ基の THP 保護、TBAF による TBDPS 基の除去を順次行い、第一級アルコール 117 を得て


















































































































Scheme 16. Preparation of proline-fused diketopiperazine 
 
 続いて、Clive らは、ジヒドロオキセピン骨格形成に必要なセレニル基を含む側鎖の構築を行っ
ている (Scheme 17)。まず、配位子として L-ephedrine (119)を用いて、エトキシビニル亜鉛試薬の
アルデヒドへの求核付加を行ったのち、ヒドロキシ基を MEM 基により保護している。この際、ジア
ステレオ選択性はほとんど発現せず、MPC1001 (8)と同じ絶対立体配置を有する 120 と epi-120 を
1.3:1 のジアステレオマー比で得ている。これ以降の変換は、分離した 120 を用いて行われている。
次に、エノールエーテル 120 に PhSeCl を作用させ、β-セレニルアルデヒドとしたのち、Zn(BH4)2
によりアルデヒドを還元してアルコール 121 を合成している。なお、得られた 121 はジアステレオマ
ー混合物のまま、以降の変換に用いられている。その後、4 工程の官能基変換を経て、C8 位のヒ
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Scheme 17. Homologation of aldehyde 
 
 続いて、123 から 3 工程の変換によりジヒドロオキセピンへと導いている (Scheme 18)。まず、ケト
ン 123 にジメチルホルムアミドジメチルアセタールを作用させることで、ビニロガスアミド 124 を得て
いる。その後、TFA を用いて、生じたイミニウムへのヒドロキシ基の環化を経てテトラヒドロオキセピ
ン 125 を合成している。最後に、過ヨウ素酸ナトリウムを作用させることにより、セレノキシドのシン




























































Scheme 18. Formation of dihydrooxepine 
 
 Clive らは、MPC1001 (8)の有する官能基、立体化学を有するジヒドロオキセピン骨格の構築に
成功している。しかし、ジヒドロオキセピン骨格形成の最終段階であるセレノキシド脱離の収率が
39%にとどまっている。この原因として、セレニル基の立体化学の制御が行われていないことが挙
げられる (Figure 7)。すなわち、セレノキシド 127 について、β-セレニル基とシンの関係にあるβ-
水素は 1 種類(Ha)であるため、脱離反応は位置選択的に進行する。しかし、epi-127 の場合は、α-





















Figure 7. Rational for low efficiency of dihydrooxepine formation  
 
 Clive らは、セレニル基の根元の炭素の立体化学が異なるジアステレオマーをそれぞれ単離し、






























Scheme 19. The effect of stereochemistry 
 
 Clive らは、MPC 類の有するジヒドロオキセピンユニットの構築に成功しているが、出発原料から
126 へ導くまでに 26 工程もの変換を要する点や C6 位ヒドロキシ基の立体制御ができない点、セ
レノキシドの脱離が低収率である点が課題として挙げられる。 
 
2.1.8. Reisman らによる(–)-acetylaranotin の初の全合成  
 Reisman らは、ロジウム触媒を用いるアルコールのアルキンに対する形式的な 7-endo 環化反応
を鍵として、ジヒドロオキセピン骨格を構築している。4 その後、二量化、ジスルフィド結合形成を含
む数工程の変換を経て、acetylaranotin (1)の初の全合成を達成している。まず、アクリレート 130 と





ち、2 工程の変換により、第二級アルコールのみ TBS 保護された 137 を合成している。第一級ア
ルコールを Dess-Martin試薬によりアルデヒドへと酸化し、NCS とピロリジンを用いてα位にクロロ基
を導入している。その後、水素化ホウ素ナトリウムを作用させ、再度ヒドロキシ基に還元することで、
環化前駆体 138 へと誘導している。続いて、アルキン 138 に対してロジウム触媒を作用させること




















































































































Scheme 20. Formation of tetrahydrooxepine 139 
  
 次に、テトラヒドロオキセピン 139 から二量化に必要となるカルボン酸 141 とアミン 142 をそれぞ
れ合成している (Scheme 21)。まず、塩化リチウムと炭酸リチウム存在下 DMF 中 100 °C で加熱す
ることにより、クロロ基の脱離を行い、収率 53%でジヒドロオキセピン 140 を得ている。その後、
Me3SnOH を作用させることにより、カルボン酸 141 へ導いている。一方、140 からアミンへの変換
においては、さまざまな条件検討にもかかわらず、TBS 基の脱保護が競合した。しかし、クロロ化
体 139 に対して TBAF を作用させたところ、Teoc 基の脱保護が優先し、その後、クロロ基の脱離を








































Scheme 21. Formation of carboxylic acid 141 and amine 142 
 
 最後に、カルボン酸 141 とアミン 142 を縮合させた後、数工程の変換を行うことで
(–)-acetylaranotin (1)の全合成を達成している (Scheme 22)。まず、縮合剤として BOP-Cl を用い
て 141 と 142 から収率 87%でアミド 143 を合成している。その後、TBAF·(t-BuOH)4 を作用させる
ことにより、TBS エーテルの脱保護と Teoc 基の除去、プロリン窒素のエステルへの求核攻撃が進
行し、ジケトピペラジン 144 を得ている。この時、ジケトピペラジンα位の立体化学はいずれも反転







































































Scheme 22. First total synthesis of (–)-acetylaranotin (1) reported by Reisman 
 
 テトラスルフィド導入の際の面選択性は以下のように説明される (Figure 8)。144 は、下図のよう














H H  
Figure 8. The structure of diketopiperazine 144 
  
2.1.9. 著者による(–)-acetylaranotin の全合成におけるジヒドロオキセピン骨格の構築  
 著者は、エノンの環拡大によって得られるエノールラクトン 147 をトリフラート 148 へと変換したの




















































Scheme 23. The construction of dihydrooxepine and total synthesis of (–)-acetylaranotin 
 
2.1.10. Nicolaou らによるジヒドロオキセピン骨格の構築  
 著者らによる(–)-acetylaranotin (1)の全合成報告のあと、Nicolaou らは同様の戦略を用いるジヒ
ドロオキセピン構築法を報告している (Scheme 24)。22 すなわち、四塩化スズとジアミンリガンド
151 存在下でビストリメチルシリルペルオキシド(BTSP)を作用させることで Baeye-Villiger 酸化を行
い、エノン 150 をエノールラクトン 152 へ導いている。続いて、エノールホスフェート化と Pd 触媒を



































Scheme 24. Dihydrooxepine Synthesis via enol phosphate reported by Nicolaou 
 
 Nicolaouらは金属触媒を用いる種々のクロスカップリング反応を用いて、ホスフェート155に置換







































Scheme 25. Various cross-coupling reaction using enol phosphate 
 
 19 
2.2. β-ヒドロキシジチオジケトピペラジン骨格の構築例  
 MPC 類に特徴的なヒドロキシベンジル基を有するジチオジケトピペラジン骨格 162 の構築はい










































































Figure 9. Approach for the construction of β-hydroxydithiodiketopiperaziens 
 
① ジチオアセタールのメトキシメチル化を経る構築法 
2.2.1. 岸、福山らによる dehydrogliotoxin (168)の全合成  
 岸、福山らは、(±)-dehydrogliotoxin (168) の全合成において、序盤に導入したジスルフィドをジ
チオアセタールとして保護したのち、ジケトピペラジン3位に橋頭位アニオンを発生させヒドロキシ
メチル基を導入している (Schemes 26-28)。23a,bまず、モノメチルジケトピペラジン169と2-ヨード-3-
メトキシ安息香酸 (170)を Ullmann カップリングの条件に付したのち、ジアゾメタンを作用させるこ







なお、アセタール部位に新たな不斉中心が生じるため、173 は 1:1 のジアステレオマーの混合物
で得られる。続いて、エステル部位を混合酸無水物経由でヒドロキシメチル基に変換し 174 とした
 20 
後、ヒドロキシ基の Ms 化、つづく Finkelstein 反応により塩化物 175 へと導いている。そして、この








    dioxane-H2O, rt
2) ClCO2Et,Et3N
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Scheme 26. Preparation of thioacetals 176 and epi-176 
 
 岸らは 176 と epi-176 にそれぞれ PhLi を作用させると立体特異的にジケトピペラジンα位の脱プ
ロトンが進行することを見いだしている (Scheme 27)。すなわち、176 に対して PhLi を作用させると
Ha が選択的に脱プロトンされ、分子内アルキル化が進行した 177 が得られる。一方、epi-176 の場
合、Hb が脱プロトンされるため、分子内アルキル化は進行せず、反応系中に添加した BOMCl と
反応してベンジルエーテル 179 を与える。その後、177 に関しては Hb の脱プロトン後分子間アル































































































Scheme 27. Stereospecific alkylation of dithioacetals 176 and epi-176 
 21 
 





プロトンされる。一方、epi-180a では紙面奥側の硫黄原子が異性体 epi-180b に示すようにカチオ







































180a 180b epi-180b  
Figure 10. The stereochemical effect 
 
 続いて、ヒドロキシ基の脱保護とジチオジケトピペラジン骨格の構築を行い、178 と epi-178 のい















































* The numbers in parentheses are yields of products when epi-178 was used as a substrate.  
Scheme 28. Total synthesis of (±)-dehydrogliotoxin (168) 
 
2.2.2. 岸らによる gliotoxin (182)の全合成  
同様にジチオアセタールのアルキル化を用いて、岸、福山らは、チオアセタール 188から 
(±)-gliotoxin (182)を全合成している (Schemes 29 and 30)。23a,c,d まず、モノメチルジケトピペラジ
ン 169 のアミド基を MOM 保護した後、3位と 6 位のブロモ化を経て、酢酸チオラートを導入してい
る (Scheme 29)。ジチオ化体 184 はシス体とトランス体の混合物で得られるが、そのまま次の変換
に用いている。その後、酸性条件下、アセチル基の除去を行い、パラアニスアルデヒドを作用させ



























































































Scheme 29. Preparation of thioacetale 188 
 
 続いて、岸らは、チオアセタール 188へのシクロヘキサジエンの導入を経て、(±)-gliotoxin (182)
を全合成している (Scheme 30)。まず、オキセピンを作用させて、アミド窒素のアルキル化を行っ
ている。オキセピン 189 はエポキシド 190 との平衡混合物で存在し、190 のα,β-不飽和エステル対
して 188のアミド窒素が 1,4-付加する。この際、188はエポキシドを避けて、α面から付加する。続い
て、192 のヒドロキシ基をアセチル保護したのち、エステルを混合酸無水物へ変換し、水素化ホウ
素ナトリウムを作用させることで、アルコール 194 を得ている。その後、194 のヒドロキシ基を
Finkelstein 反応によりクロル基へ変換し、ナトリウムメトキシドを用いてアセチル基の除去を行って
いる。そして、195 に BOMCl と 3.2 当量のフェニルリチウムを作用させることで、ジケトピペラジンを
ジアルキル化している。すなわち、1 当量目のフェニルリチウムでヒドロキシ基の脱プロトンが進行
し、2 当量目のフェニルリチウムにより、3 位の脱プロトンが起こる。3 位のアニオンが BOMCl と反


































































































































































Scheme 30. Total synthesis of (±)-gliotoxin reported by Kishi 
 
2.2.3. Kakush、Strunz らによる(±)-Hyalodendrin (197)の合成  
 Kakush、Strunz らは、岸、福山らの手法を用いて、ヒドロキシメチル基を有するジチオジケトピペ
ラジン骨格を構築し、hyalodendrin (197)の全合成を行っている (Scheme 31)。24 まず、ジチオア
セタール 198 に対して、2 段階のアルキル化を行い、メトキシメチル基とベンジル基を導入している。
続いて、m-CPBA を作用させた後、過塩素酸で処理することでジチオアセタールをジスルフィドへ
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において、強力な Lewis 酸である BF3·Et2O や BCl3 を必要とするため、γ-ベンゾイルオキシエノー
ルエーテル構造を有する MPC 類への応用は困難であると考えられる。 
 
② トリフェニルメチルカチオンの放出を伴う TrSS 基のイミニウムイオンへの環化に
よる構築法 
 
2.2.4. 福山らによる Hyalodendrin (197)の合成  
 福山らは、(+)-hyalodendrin (197)の全合成において、ヒドロキシメチル基を有するジチオジケトピ
 24 
ペラジン骨格を構築している (Schemes 32 and 33)。25 まず、200 を出発原料として N,S-アセター
ル形成を経るアミンの還元的メチル化を行った後、チオールをベンジル化して 202 を得ている 
(Scheme 32)。続いて、カルボン酸をメチルアミドへと変換後、グリオキシル酸ジエチルアセタール
との縮合により 203 を合成している。その後、CSA を作用させ、生じたオキソニウムイオンへのアミ
ド窒素の攻撃による環化を行い、ジケトピペラジン骨格を構築している。そして、TMSBr を用いる
ことによって、エトキシ基の脱離に伴うイミニウムイオンの発生とスルフィドの環化、つづく脱ベンジ
ル化を一挙に進行させビシクロ[2.2.2]骨格 206 の構築に成功している。 
1) SOCl2
    MeOH, reflux
2) MeNH2
    MeOH, rt
3) (EtO)2CHCOOH
    DCC
    CH2Cl2, rt


















































203 204 205 206
 
Scheme 32. Formation of bicycro[2.2.2] octane unit 206 
 
 その後、206 を用いて(+)-hyalodendrin (197)へと導いている (Scheme 33)。まず、206 に LDA を
作用させることで橋頭位アニオンを発生させた後、ベンズアルデヒドを添加しアルコールを合成し
ている。生じたヒドロキシ基は、メシラートを経て還元的に除去し、208 を得ている。続いて、LDA を
用いる E2 脱離反応によってチオラート 209 を生じさせ、TrSCl を作用させることでジスルフィド 210
を合成している。その後、NMO と触媒量の OsO4 を使ってエンアミド二重結合のジヒドロキシル化















OMs1) PhCHO    LDA
    THF, –78 °C
2) MsCl
    TMEDA
    CH2Cl2, rt











































206 207 208 209
210 211  
Scheme 33. First asymmetric synthesis of hyalodendrin reported by Fukuyama 
 
 211 のようなジオールからチオジケトピペラジン骨格へ導く手法は、hyalodendrin 以外にも
 25 
chaetocin A (213)などピロロインドリン骨格を有するジチオジケトピペラジン合成にも用いられてき

































n = 3: Chaetocin C (214)















Scheme 34. Formation of thiodiketopiperazines by utilizing TrSS group cyclization 
 
③ 塩基を用いるジケトピペラジン 3,6 位への直接的な硫黄導入を経る構築法 
2.2.5. Nicolaou らによる Gliotoxin (182)の合成  
 Nicolaou らは、Schmidt らによって報告されているジスルフィド導入法 27 を改良し、gliotoxin の全
























Scheme 35. Sulfenylation method reported by Schmidt 
 
 まず、Nicolaou らが開発したジスルフィド導入法について述べる (Scheme 36)。反応には、硫黄
と 2 当量の NaHMDS により調製される 220 を硫黄官能基導入剤として用いている。その想定メカ
ニズムを Scheme 36 に示す。まず、硫黄に対し、NaHMDS が求核攻撃しチオラート 219 が発生す
る。さらに、もう 1 当量の NaHMDS が、中心の硫黄原子に求核攻撃することで、テトラスルフィド
220 が形成される。求核攻撃の位置選択性は、チオラートとの電子反発とトリメチルシリル基との立
体反発により決まると考えられている。なお、220 は、カラムクロマトグラフィーにより単離可能であ
り、1H NMR や 13C NMR、ESI 法による質量分析により、構造決定されている。Nicolaou らは、実
際に反応を行う際、反応系中で発生させた 220 を直接用いているが、単離した 220 を作用させて
も同様の反応が起きることを確認している。 
 220 を用いたジケトピペラジンへの硫黄官能基の導入は、次のように行われると考えられている。
すなわち、エノラート 222 の 220 に対する分子間求核攻撃、続く分子内求核攻撃が進行し、テトラ
スルフィド 225 を形成する。その後、テトラスルフィドをジチオールまで還元的に切断して、酸化条
件あるいはヨウ化メチルを作用させることで、ジメチルチオ化体 227 とジスルフィド体 228 をそれぞ
れ合成している。Schmidt の条件は、液体アンモニア中で反応を行うため操作が煩雑であるが、






















































































































Scheme 36. The sulfenylation of diketopiperazine reported by Nicolaou 
 
 Nicolaou らは、上述した手法を用いて、229 から導いたジケトピペラジン 233 へ直接ジスルフィド
あるいはテトラスルフィドを導入し、gliotoxin (182)および gliotoxin G (234)の全合成を達成してい
る (Scheme 37)。まず、229 の加水分解により得られるカルボン酸 230 と、L-serine 誘導体である
N-メチルアミン 231 との縮合により、アミド 232 を合成している。その後、Boc 基の除去とプロリン窒
素のエステル部位への攻撃による環化を経て、ジケトピペラジン 233 を合成している。最後に、塩
基として LiHMDS を用いた硫黄官能基の導入を行い、ジスルフィド構造を有する gliotoxin (182)

































    CH2Cl2
    0 °C to rt
2) Et3N
    CH2Cl2
    0 °C to rt


























Scheme 37. Total synthesis of gliotoxin (182) and gliotoxin G (234) reported by Nicolaou 
 27 
 本手法は、ヒドロキシ基を保護することなく、塩基性条件で直接硫黄官能基導入が可能である。
しかし、著者の MPC1001B 合成への検討において、235 に本手法を適用したところ、レトロアルド












































Scheme 38. Retro-aldol reaction under the Nicolaou’s sulfenylation conditions 
 
④ ジケトピペラジン 3,6 位への段階的な硫黄導入を経る構築法 
2.2.6. Williams らによる hyalodendrin (197)の合成  
 Williams らは、hyalodendrin (197)の全合成において、ヒドロキシメチル基を有するジチオジケト
ピペラジン骨格を構築している (Scheme 39)。28 まず、ジケトピペラジン 238 に対してナトリウムメト
キシド存在下、ギ酸エチルを作用させホルミル化して 239 を合成している。なお 239 はエノール形
で存在していることが分かっている。その後、t-BuOK を用いてカリウムエノラートにしたのち、
TBDPSCl を作用させることでシリルエノールエーテル 240 を得ている。続いて、LDA による脱プ
ロトンを得る 6 位のベンジル化、チオ化を順次行ってチオール 242 を合成している。MeSCl によっ
てチオールをジスルフィドへと変換後、酸性条件下シリル基を除去し、エノール 243 へと導いてい
る。そして、–78 °C にてトリエチルアミンと MeSCl を作用させ、エノラートα位へのメチルチオ基導
入を行っている。電子求引性のカルボニル基のアニオン安定化効果のため、トリエチルアミン程



































100% anti:syn = 2:1
1) NaBH4
    THF-i-PrOH
2) KI3, pyridine
    CH2Cl2





















    THF-EtOH
2) TBDPSCl
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    Et3N
    THF, –78 °C
2) HCl
    THF-MeOH
    -H2O, rt







Scheme 39. Total synthesis of hyalodendrin reported by Williams  
 
2.2.7. 著 者 に よ る ヒ ド ロ キ シ ベ ン ジ ル 基 を 有 す る ジ チ オ ジ ケ ト ピ ペ ラ ジ ン の 構 築 と
(+)-MPC1001B (6)の全合成  
 著者は、Williams らの報告を参考に、β-ケトアミド構造 247 を有するジケトピペラジンに対して硫
黄官能基を導入後、ケトンをジアステレオ選択的に還元することでヒドロキシベンジル基を有する
ジチオジケトピペラジン構造を構築することを計画した。また、15 員環構造は分子内アルドール反













































































第一節 γ-ヒドロキシエノンの合成  
1.1.1. 逆合成解析 
 C2 対称中心を有する(–)-acetylaranotin (1)は、ジヒドロオキセピン骨格を有するモノマーユニット
249 の二量化によって得られると考えた (Scheme 41)。ジヒドロオキセピン骨格は、エノン 252 のγ
位にヒドロキシ基を導入後、Baeyer-Villiger 酸化による環拡大反応を経て構築することとした。エ
ノン 252は、β,γ-不飽和ケトン 254の二重結合を異性化させた後エポキシ化し、Wharton転位を行





























































Scheme 41. Retrosynthetic analysis 
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1.1.2. 原料合成  





進行し、第三級アルコール 259 を得た。 
 
1) CbzCl
    1 M NaOH aq., THF
    0 °C to rt, 28 h
2) PhI(OAc)2
    MeCN/i-PrOH (4:1)
    rt, 18 h
3 M KOH aq.
MeOH



























Scheme 42. Preparation of alcohol 259 by Wipf’s method 
 
 続いて、ヒドロキシ基をアセチル化した後、亜鉛を作用させて脱アセトキシ化を行い、β,γ-不飽和

























62% (2 steps)259 263 254  
Scheme 43. Preparation of β,γ-unsaturated ketone 254 




遷移状態はメチルエステル(E)とカーバメート酸素との A1,3ひずみにより、活性化エネルギーが 260 に比べ









































1.1.3. エノンの合成  
 アリル位酸化反応の前駆体として設定したエノン 267 を合成した (Scheme 44)。まず、β,γ-不飽
和ケトン 254 を触媒量の DBUによりα,β-不飽和ケトン 264へと異性化させた後、塩基性条件下、
過酸化水素を作用させα,β-エポキシケトン 265へと導いた。続いて、Wharton転位により、265をア
リルアルコール 266へ導いた。*その後、Dess-Martin酸化を行い、アリル位酸化の基質であるエノ













































266 267  
Scheme 44. Synthesis of substrate for allylic oxidation 
 
                                                





1.1.4. エノンγ位への立体選択的ヒドロキシ基の導入  








































Scheme 45. Unsuccessul functionalization of the γ-position of enone 
 




の報告に従い、276 に対して Bu2SnO と TBHP を作用させたが、目的物は確認されなかった 
(entry 1)。続いて、酸化剤として m-CPBA を作用させたが、この場合も望みの酸化体は得られな
かった (entry 2)。一方、酸化剤としてジメチルジオキシラン (以下、DMDO)を用いたところ、円滑
                                                































































9%程度で得た (entry 3)。この際、理由については後述するが、acetylaranotin の有するアセトキ
シ基の立体化学とは逆の立体化学でヒドロキシ基が導入された。* その後、シリルジエノールエー
テル 278 を用いて同様の変換を試みたところ、収率が向上した (entry 4)。さらに、シリル基として
TMS基を用いたところ 56%で 282 が得られたため、TMS ジエノールエーテル 280 を用いる条件
を最適条件とした (entry 5)。 
 
TIPS Bu2SnO (1 eq), t-BuOOH (2 eq)toluene, rt to 90 °C, 23 h
mCPBA (1 eq)
CH2Cl2, rt, 21 hTIPS
TIPS
DMDO (1 eq)





































267 276: R = TIPS278: R = TBS
















277: R = TIPS
279: R = TBS













Table 1. Examination of vinylogous Rubottom oxidation 
 
 ビニロガスRubottom酸化における酸化剤の接近する面選択性について考察した (Figure 11)。




















Figure 11. Rationale for the facial selectivity 
                                                
* 282の立体化学は、282をジケトピペラジン 144に導き、その 1H NMRスペクトルが Reismanにより合成さ
れた既知化合物の 1H NMR スペクトルと一致したことにより決定した。 
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 一方、エステルα位の立体化学に関して 280のエピマーである epi-280最安定配座を求めたとこ
ろ、Cbz 基のベンジルオキシ基は、280 の場合と対照的に、エステル側鎖の置換した炭素に対し



















Figure 12. Most stable conformation of dienol silyl ether epi-280 
 
 さらに、ent-epi-280に DMDOを作用させた場合、酸化のジアステレオ選択性が 55:45まで低下
することが共同研究者によって明らかとされた (Scheme 46)。また、280のCbz基をTs基に換えた
284をビニロガスRubottom酸化の基質として用いた場合も、ジアステレオ選択性が低下するという
結果を得ている。Concave面から酸化が進行した 285 が収率 19%未満、convex面から酸化が進





























































<19% 12%  
Scheme 46. Effects of stereochemistry and protecting group for vinylogous Rubottom oxidation 
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第二節  (–)-Acetylaranotin と同一の立体化学を有するジヒドロオキセピンモノマーユ
ニットの合成 
 
1.2.1. パラニトロベンゾイル基で保護されたジヒドロオキセピンユニットの合成  
 上記ビニロガス Rubottom酸化では、acetylaranotin (1)の有するアセトキシ基の絶対立体配置と
は逆の立体化学でヒドロキシ基が導入された。そこで、光延反応による立体反転を試みた (Table 
2)。まず、PPh3とDIAD存在下パラニトロ安息香酸を作用させた。THFまたはベンゼンのいずれの
溶媒を用いた場合も原料は消失したが、望みの化合物 286 は低収率でしか得られなかった 
(entries 1 and 2)。収率が低い原因として、ヒドロキシ基が縮環部位と隣接しており、立体的に混ん
だ環境にあることが考えられる。ところで、向山らは、ホスフィンとして PhOPPh2を用いると、第三級
アルコールや立体障害の大きいアルコールの立体反転が可能であることを報告している。33 そこ







































Table 2. Mitsunobu inversion 
 
 続いて、Baeyer-Villiger 酸化による 7 員環への環拡大の検討を行った (Table 3)。詳細は p54
で述べるが、系中でトリフルオロ過酢酸を発生させる条件、34すなわち、TFAA とUHPを 286に対
して作用させることにより目的物 287 が得られることが分かった。*そこで、反応温度と反応時間の
詳細な検討を行った。はじめに、0 °C で反応を行ったところ、望みの成績体 287 を 21%単離し、
63%の原料を回収した (entry 1)。続いて、昇温により反応速度が向上することを期待し、室温下
反応を行ったが、生成物の収率にはほとんど変化がなく、原料の回収率が大幅に低下した 
(entry 2)。そこで、回収した原料を用いて 0 °Cでの反応を 3回繰り返し行った (entry 3)。その結
果、良好な総収率でエノールラクトン 287 を得ることに成功した。また、反応時間の経過に伴い、
過酸が分解し、濃度が低下することによって反応が進行しなくなると考え、24時間おきにTFAAを
                                                


















286' 287'  
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10 40 0 °C
10 40 rt
10 40 0 °C













* The reaction was operated by three times.  
Table 3. Examination of Baeyer-Villiger oxidation 
 
 合成したラクトン 287 をエノールトリフラートに変換した後、パラジウム触媒を用いる還元によりジ
ヒドロオキセピン骨格を構築することとした。まず、エノールトリフラート化を検討した (Table 4)。塩
基として KHMDS を用い、Comins試薬 29035を作用させたところ、反応は進行せず、原料を 54%
回収した (entry 1)。また、PhNTf2を作用させた場合、収率 19%で生成物 289 を得たが、原料も
21%回収した (entry 2)。そこで、塩基の検討を行った。トリフラート化剤として PhNTf2 を用いて
NaHMDS と LiHMDSをそれぞれ作用させたが、反応は進行しなかった (entries 3 and 4)。しかし、
LiHMDS を用いた際に、HMPA を系中に添加したところ、収率 43%でトリフラート 289 を得ること
に成功した。一方、HMPA を先に添加する条件では、原料が消失しなかった (entry 5)。これらの
結果から、塩基によるエノラート生成後、HMPA がリチウムイオンに配位することでリチウムエノラ
ート同士の会合を解き、エノラート酸素原子の求核性を向上させることが重要であると考えられる。





























Comins reagent 00 (2 eq)
KHMDS (1 eq) 4 h 287 54%
PhNTf2 (1 eq), LiHMDS (1 eq);
HMPA (5 eq) 40 min 289 43%
PhNTf2 (1 eq), NaHMDS (1 eq);
HMPA (5 eq) 40 min recovery of SM
3 h 289 14% + 287 15%
289 19% + 287 21%
temp.
–78 °C
–78 °C to rt
–78 °C
–78 °C
PhNTf2 (1 eq), HMPA, (5 eq);
LiHMDS (1 + 1 eq) –78 °C
Tf2O (1.2 eq), LiHMDS (1 eq);







Table 4. Formation of enoltriflate 
 




















289 291  
Scheme 47. Reduction of enoltriflate 
 
1.2.2. パラメトキシベンゾイル基で保護されたジヒドロオキセピンユニットの合成  
 エノールラクトンやエノールトリフラート中間体の加水分解や還元条件に対する安定性が向上す
ることを期待して、パラニトロベンゾイル基ではなく、パラメトキシ基を有する基質の合成を試みた。
まず、パラメトキシ安息香酸を求核剤とする光延反応の検討を行った (Table 5)。* 先の検討にお
ける最適条件、すなわち PhOPPh2および DEADを用いてパラメトキシ安息香酸の導入を行ったと
ころ、収率が 46%に低下した (entry 1)。ベンゾイル基上の置換基を電子供与性置換基に変えた






                                                
*求核剤のエノンへの 1,4-付加が競合したため、エノン 286 のパラニトロベンゾイル基の除去は断念した。 
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2 and 3)。生成物とジアゾ化合物由来の副生成物を容易に分離することができ、目的物の収率が











































rt to 65 °C








Table 5. Mitsunobu inversion using p-MeOC6H4CO2H as the nucleophile 
 
 上記で得られたパラメトキシベンゾイル体 292 を用いてジヒドロオキセピン 295 へ変換した 
(Scheme 48)。Baeyer-Villiger 酸化によるエノールラクトンへの変換では副反応が競合し、286 を









































酸 297および 298 を合成した。 
 



































297: P = p-MeOC6H4CO
298: P = Ac  
Scheme 49. Formation of amine 296 and carboxylic acid 297-298 
 
 二量化に必要なアミンとカルボン酸をそれぞれ有するモノマーユニットを合成することができた
ので、両ユニットの縮合を検討した (Table 6)。まず、Reisman らの報告に従い、縮合剤として
BOP-Cl を用いたが、未反応のアミン 296 が回収されるのみであった (entry 1)。溶媒としてトルエ
ンを用い、加熱条件下反応を行ったが、望みのアミド 299 は得られなかった (entry 2)。さらに、
MeOPCl2 を用いる条件 37 や酸塩化物を経由する縮合条件においても、目的物を得ることはでき
なかった (entries 3 and 4)。Jang らによって報告されているインジウムを用いた酸塩化物とアミンの
縮合条件を適用した際にのみ、アミド 300 を得たが、低収率であった (entry 5)。38 




































BOP-Cl (5 eq), Et3N (10 eq)
CH2Cl2, rt, 21 h
BOP-Cl (5 eq), Et3N (10 eq)
toluene, 80 °C, 22 h
Ac
(COCl)2, cat. DMF
CH2Cl2, rt, 20 min;
evaporation;
amine, Et3N
CH2Cl2, 0 °C to 50 °C, 3 h
Ac 1.0 MeOPCl2 (1.6 eq), Et3N (6.4 eq)toluene, 100 °C, 1 h 296 23%
5 1.4Ac
(COCl)2, cat. DMF
CH2Cl2, rt, 30 min;
evaporation;
amine, In
MeCN, rt, 2.5 h
300 35%
296 297: P = p-MeOC6H4CO
298: P = Ac
299:  P = p-MeOC6H4CO
300:  P = Ac
*
*
* Not determined.  
Table 6. Examination of condensation 
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第三節 合成終盤におけるヒドロキシ基の立体化学の反転 
1.3.1. ヒドロキシ基の立体化学がαであるジヒドロオキセピンモノマーユニットの合成  
 先に示した合成経路に従い、ヒドロキシ基の立体化学に関してα体、すなわち非天然体であるジ
ヒドロオキセピンモノマーユニットを合成した。まず、エノン 282 のヒドロキシ基を TBSエーテルとし




























282 146 147  
Scheme 50. Protection of hydroxyl group 
 
 前述の、系中で生成させたトリフルオロ過酢酸を作用させる Baeyer-Villiger 酸化において、反
応温度や反応時間の検討を行った (Table 7)。*0 °Cで反応を行ったところ、収率 21%で目的物
147が得られるとともに原料 146を 34%回収した (entry 1)。すべての原料が消費されることを期待
して、反応時間を延長したが、収率・回収率ともに低下した。また、エポキシド 301 を収率 5%で得
た。立体化学は決定していないが、301 は単一の異性体であった。回収率を改善するため、さら
に低温で検討を行った。–78 °Cの時はまったく転位が進行しなかったのに対し (entry 3)、–20 °C
まで昇温した場合は、収率・回収率ともに向上した (entry 4)。さらに、–20 °Cで 10時間反応を行
った際に回収率が 65%まで向上した (entry 5)。そこで、この条件で反応を行った後、回 
収した原料を使って再度反応を行うサイクルを 4 回繰り返した。その結果、総収率 53% (brsm 



























0 °C 3 h





–20 °C 10 h
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c The reaction was operated by four times.
c
 
Table 7. Examination of reaction temperature and reaction time 
                                                
* 室温下 m-CPBA を作用させたところ、全く反応は進行しなかった。また、塩基性条件下、酸化剤として過





 つづいて、エノールラクトン 147 をジヒドロオキセピン 149 に変換した (Scheme 51)。塩基として
KHMDSを用いることで、収率 77%でエノールトリフラート 148を合成した。つづく 148の還元も速































–78 °C, 30 min
77%147 148 149  
Scheme 51. Formation of dihydrooxepine 
 





た (entry 2)。また、1,4-シクロへキサジエンをヒドリド源として用いたところ、302 を得たが、再現性
に問題があった (entry 3)。一方、原料 149と Pd(OAc)2、および Et3N をジクロロメタン中加熱還流






























BCl3 (ca. 1 eq)
CH2Cl2, 0 °C, 5 min
Pd(OAc)2 (0.2 eq), Et3N (0.4 eq)
CH2Cl2, 45 °C, 5 min;
Et3SiH (5 eq)










* tentative structure.  
Table 8. Deprotection of Cbz group 
 
 次に、対応するカルボン酸を調製し、アミンとの縮合を行った (Scheme 52)。エステル 149 を塩
基性条件下加水分解することで定量的に得たカルボン酸 245 とアミン 302に対し BOP-Clを作用
させたところ、収率 83%でアミド 304 を得た。なお、反応の完結に 1.7当量のカルボン酸 245 を要
                                                
* LiHMDS と HMPA を作用させる条件では、原料が消失しなかった。 
† Pd(OAc)2 と Et3N を先に加熱しない場合、触媒量のパラジウムでは原料が消失しなかった。詳細は不明
だが、反応系中で 0価パラジウムを発生させた後、Et3SiH を添加することが重要であると考えられる。 
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したが、0.4当量分は活性エステルとして回収可能であった。つづいて、得られたアミド 304に対し
て、149 の脱保護と同じ条件、すなわち Pd(OAc)2と Et3SiH を作用させ、Cbz基の除去を行ったと













































CH2Cl2, 45 °C, 5 min;
Et3SiH





304 305  
Scheme 52. Successsful formation of diketopiperazine 






後、TBSOTf によりシリルエーテル 307 へと変換することで、ヒドロキシ基の立体化学が





















0 °C, 5 min
94%295 306 307  
Scheme 53. Exchange of protecting group 
 
 ジケトピペラジンの形成に必要なアミンとカルボン酸を合成した (Scheme 54)。Cbz 基の除去に
おいては、α体 149を用いたときと比較して反応性の顕著な低下が見られた。触媒量のパラジウム
存在下では反応が終結せず、化学量論量を必要とし収率も低下した。一方、加水分解はβ体を用
いた際と同様に円滑に進行し、カルボン酸 309 を得た。α体の縮合の際に用いた BOP-Clで縮合
を行ったところ、反応速度が低下し、望みのアミド 310 は 16%しか得られず、アミン 308 を 81%回


























45 °C, 4 h
Et3N
CH2Cl2






































Scheme 54. Unsuccessful condensation  
 
 以上の結果をもとに、縮合に対する立体化学の影響を次のように考えた (Figure 13)。モノマー
アミンのカップリング定数を参考に、302 と 308 のコンフォメーションはそれぞれ下図のようになると
























Figure 13. The stereochemical effects of the silyloxy group 
 
1.3.3. 光延反応によるヒドロキシ基の立体化学の反転  
 得られた二量体 305から acetylaranotin (1)へ導くためには、2つのヒドロキシ基の立体化学の反






















312 144  
Scheme 55. Inversion of two hydroxyl groups 
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 実際にジケトピペラジン 312 を使う前に、モデル基質としてモノマー313 を用いて光延反転を検
討した (Scheme 56)。PMe3とDEADを用いてAcOHを作用させたところ、速やかに原料は消失し


























Scheme 56. Unsuccessful Mitsunobu inversion using AcOH as a nucleophile 
 
 314 が生成した反応機構は以下のように考えた (Scheme 57)。まず、DEAD に求核付加して活
性化されたホスフィン 316 に対するヒドロキシ基の求核置換反応により 317 が生成する。次に、エ
ーテル酸素の電子供与によるホスフィンオキシドの脱離により生じた 318 に対し、酢酸がα位に求




















































































Scheme 58. Working Hypothesis featuring Mislow-Evans rearrangement to provide 306 
 
 まず、光延条件下、チオフェノールを作用させた (Scheme 59)。その結果、望みの 319ではなく、
アルデヒドが得られた。詳細な構造決定は行っていないが、1H NMRによりホルミル基に由来する
 45 












































tentative structure  
Scheme 59. Possible decomposition pathway of thioacetal 
 















































Scheme 60. Unsuccessful Mislow-Evans rearrangement 
 
1.3.4. 酸化・還元によるヒドロキシ基の立体化学の反転  
光延条件による立体反転が困難であったため、酸化・還元によるヒドロキシ基の反転を行うこと




































Scheme 61. Inversion of two hydroxyl groups 
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H H  
Figure 14. Speculation for the diastereoselective reduction  
 
 まず、モノマー313 を用いて種々の酸化剤によるジケトンへの酸化を検討した (Table 9)。酸化
剤として IBXおよび DMP を作用させたところ、中程度の収率でケトン 325 を得た (entries 1-4)。
DMPを用いた際に、塩基としてNaHCO3を用いると、314が副生成物として得られた。一方、酸化
剤として TEMPO、再酸化剤として PhI(OAc)2を用いたところ、定量的に目的物 325を得た (entry 
5)。ところで、岩渕らは、アルコールの酸化において、2-azaadamantane-N-oxy (326) (以下、
AZADO)および9-azanoradamantane-N-oxy (327) (以下、nor-AZADO)がTEMPOより高い触媒効
率を示すことを報告している。40,41 そこで、反応時間を短縮する目的で、酸化剤として AZADO 
(326)および nor-AZADO (327)を用いて反応を行った。その結果、TEMPO を用いた場合に比べ
て反応時間は短縮し、収率も同程度であった (entries 6 and 7)。 
 
41DMP (3 eq)aq. CH2Cl2, rt, 24 h
DMP (8.5 eq), Py (8.5 eq)
CH2Cl2, rt, 3 h
DMP (8.5 eq), NaHCO3 (8.5 eq)








cat. TEMPO, PhI(OAc)2 (1.9 eq)
CH2Cl2, rt, 10 h
quant
cat. AZADO, PhI(OAc)2 (1.1 eq)
CH2Cl2, rt, 1.5 h
cat. nor-AZADO, PhI(OAc)2 (1.1 eq)



































* byproduct 314 was also abtained.  
Table 9. Oxidant screening 
 
 モデル検討で得られた結果を用いてジケトン 324を合成した。まず、TBSエーテル 305に対して
TBAF を作用させることで、ジオール 312 へと変換した。その後、モノマーを用いた検討における
最適条件、すなわち nor-AZADO (327)と PhI(OAc)2 を作用させる条件を 312 に適用した 











































用いた場合、反応は進行せず、306 は得られなかった (entry 1)。リチウムアルミニウムヒドリドを作
用させたところ、収率 17%で 306を得た (entry 2)。水素化ホウ素リチウムを用いた際は、収率 37%
に向上した (entry 3)。Luche還元を行ったところ、54%程度で 306 を得た (entry 5)。一方、水素
化ホウ素ナトリウムのみを作用させた場合、306 は 5%しか得られなかった (entry 4)。さらに、
Luche還元において、–78 °Cで反応を開始し、–40 °C まで昇温した場合、306 を単一のジアステ


























MeOH, 0 °C, 1 h 54
DIBAL
toluene, –78 °C to rt, 4.3 h –
LAH
THF, 0 °C, 30 min 17
LiBH4
THF, 0 °C to rt, 1.7 h 37
NaBH4, CeCl3·7H2O













b The trace amount of 313 was detected.
c  15% of 325 was recovered.  
Table 10. Screening on reductive conditions 
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 最適化した条件、すなわち、ジクロロメタン-エタノール混合溶媒中、–78 °C で 324 に対して
Luche 還元を行ったところ、収率 69%で単一の化合物を得た (Scheme 63)。Reisman らによって
























–78 °C, 3 h
69%  








経て、(–)-acetylaranotin (1)の全合成を達成した。合成した 1の 1H NMR、13C NMR、IR スペクト























































326 (–)-Acetylaranotin (1)  
Scheme 64. Total synthesis of (–)-acetylaranotin (1) 
                                                
* TBSエーテル 305 からジオール 144への変換を 300 mg スケールで行ったところ、目的物が 3工程収












    THF, rt
2) cat. Nor-AZADO
    PhI(OAc)2
    CH2Cl2, rt
3) NaBH4
    CeCl3·7H2O




























第一節 エステル結合形成による 15員環構築の検討 
2.1.1. 逆合成解析 
 (+)-MPC1001B (6)のジスルフィド結合は、acetylaranotinの場合と同様に Nicolaou らによって報
告されている手法を用いて合成終盤に導入することとした (Scheme 65)。また、15 員環骨格は、
セコ酸 328 のマクロラクトン化によって構築することを計画した。ジケトピペラジン 327 は、ビアリー
ルエーテル構造を有するβ-ヒドロキシ-α-アミノエステル 329 と、 (–)-acetylaranotin (1)の合成中間























































Scheme 65. Retrosynthetic analysis for MPC1001B (6) 
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2.1.1. ビアリールエーテルの合成  
 MPC1001B下部ユニットである 329 のビアリールエーテル構造の構築を試みた (Table 11)。ま
ず、Ullmann カップリングによるビアリールエーテル合成を検討した。Buchwald らによって報告さ
れている条件、42 すなわち、銅として(CuOTf)2·PhH、添加剤として酢酸エチルを用いる条件や、
Sun らによって報告されている条件、43すなわち、MW 照射下銅として CuO を用いる条件では望
みのカップリング体 334 は得られなかった。一方、Ma らによって報告されている条件、44すなわち、
1,4-ジオキサン中 Cs2CO3 存在下ヨウ化銅と N,N-ジメチルグリシン塩酸塩を用いることで望みの
334 が得られることが分かった。ブロミド 330 とイソバニリン(332)を基質として用いた場合、収率
15%程度で目的物が得られた (entry 1)。続いて、ブロミド 333とフェノール 331を同様の条件に付































334 * gram scale.
330: X = Br
331: X = OH
332: Y = OH
333: Y = Br  
Table 11. Examination of Ullmann coupling 
 
  Ullamnn カップリングで得られる 334 の収率が低かったため、収率の向上を目的として、さらな
る検討を行った。Evans らによって報告されている 2 価銅を用いるボロン酸とフェノールのカップリ
ング反応の条件 45を参考に、ビアリールエーテル 334 の合成を試みた (Table 12)。ヨウ素化体
335 のハロゲン-マグネシウム交換、つづくトリメチルボレートとの反応によって調製したボロン酸






















THF, –20 °C, 10 min;
B(OMe)3



























Table 12. Attempted coupling reactions using Cu(II) species 
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 続いて、SNAr反応を経るビアリールエーテル 334の合成を試みた (Table 13)。オルトニトロフッ
化物 337 とフェノールの SNAr反応を行った後、ニトロ基をメトキシ基に変換することとした。塩基と
して炭酸カリウムを用いて、フッ化物 337にイソバニリン (332)を作用させたところ、速やかに SNAr
反応が進行し、ビアリールエーテル338を97%の収率で得た。しかし、ニトロ基のメトキシ基への変
換を試みたところ、いずれの条件でもイソバニリン(332)の生成が確認され、目的物 334は全く得ら











































* Isovanillin (332) was obtained.  
Table 13. Attempted substitution reactions of nitro group with methoxy group 
 
2.1.2. β-ヒドロキシ-α-アミノエステルの合成  
 ビアリールエーテル 334 を収率良く得ることはできなかったが、MPC1001B 合成への量的供給
は見込めると判断し、その後の変換を進めた。Boger らの報告を参考に 334 をβ-ヒドロキシ-α-アミ



















































































Scheme 66. Preparation of hydroxyl amine 344 
 
 第一級アミンのモノメチル化は、Schöllkopf らの報告を参考にβ位のヒドロキシル基を利用するこ
とで達成した (Scheme 67)。49まず、β-ヒドロキシ-α-アミノエステル 344 に対し、1当量のホルムア
ルデヒドを作用させることで N,O-アセタール 345 へと変換した。その後、TFA 存在下で粗精製物



























Scheme 67. Monomethylation via N,O-acetal 
 
2.1.3. セコ酸の合成  
 ジヒドロオキセピンを有する acetylaranotinモノマーユニット 245とビアリールエーテルユニット 329
からセコ酸 350へと導いた (Scheme 68)。まず、カルボン酸 245 とアミン 329 を BOP-Clを用いて
縮合させ、収率67%でアミド346を得た。つづいて、パラジウム触媒存在下トリエチルシランを作用
させたところ、Cbz 基の除去に伴い、ベンジルアルコールがシリルエーテル 347 へと変換された。
そこで、酢酸存在下 TBAF を作用させることにより TES 基の除去を試みた。その結果、TES 基の
除去とともに第二級アミンからエチルエステルへの求核攻撃が進行し、ジケトピペラジン骨格の構
築に成功した。その後、ベンジルアルコールを 2-メトキシ-2-プロピル (以下、MOP)アセタールへ
と変換し、アリルアルコールの TBS基を TBAFによって除去することで 349を合成した。ヒドロキシ
基の立体化学の反転は、acetylaranotin の合成において確立した手法を用いた。すなわち、
AZADOを用いる酸化によってケトンへと導いた後、低温下で Luche還元を行うことで立体化学の






















































































    cat. PPTS
    CH2Cl2
    0 °C, 30 min
2) TBAF
    THF
    0 °C, 6 h




    PhI(OAc)2
    CH2Cl2, rt, 2 h
2) NaBH4
    CeCl3·7H2O
    CH2Cl2-EtOH
    –78 °C, 2 h































Scheme 68. Synthesis of precursor of macrolactone 
 
2.1.4 マクロラクトン化の検討  
 セコ酸 350 を用いてマクロラクトン化の検討を行った (Table 14)。まず、WSCD と DMAPのジク
ロロメタン溶液に基質を1時間かけて滴下したが目的物はまったく得られなかった (entry 1)。次に
山口マクロラクトン化の条件を適応したが、分取 TLC 上で分解する生成物が得られるのみで、環
化体 351 は確認されなかった (entry 2)。つづいて、椎名らによって報告されているマクロラクトン
化の条件、51 すなわちカルボン酸の活性化剤として MNBA (353)を用いる条件に付したが、この






































1) 352, Et3N, THF, rt, 6 h
2) DMAP, toluene, 80 °C, 9 h
MNBA (353), DMAP


















* Not detected.  
Table 14. Examination of macrolactonization 
 





























Figure 15. Rational for low reactivity of the hydroxyl group 
 
2.1.5. 分子内光延反応の検討  
 セコ酸 350を用いるマクロラクトン化は進行しなかったが、C6位ヒドロキシ基の立体化学がαであ
るセコ酸を用いて分子内光延反応を行うことにより、所望の立体化学を有する 15員環が構築でき
                                                
* p43参照。 
† メチルエステル epi-349の 1H-NMRを解析したところ、C6位プロトンと 4.4 Hzのカップリング定数をもつシ
グナルが 4.83 ppmに観測された。水素結合を形成している OH由来のシグナルであると考えられる。 
 55 
ると期待した (Scheme 69)。52そこで、セコ酸 epi-350*に対して、希釈条件下 DEAD とトリメチルホ
スフィンを作用させた。その結果、30 分で原料は消失し、単一の生成物を与えた。しかし、生成物
の 1H-NMRを解析したところ、目的の 15員環 351ではなく、位置異性体 354が生成していること




























































Scheme 69. Intramolecular Mitsunobu reaction 
 
 位置異性体 354が得られた理由について考察した (Scheme 70)。第一章三節(p60)で述べたよ
うに、本反応ではまず、オキソカルベニウムイオン中間体 355 が生じると考えられる。オキソカルベ
ニウムイオンの求電子部位は、C6位と C8位の 2 ヶ所存在するが、立体的に空いた C8位にカル




































































Scheme 70. Plausible mechanism for the formation of regioisomer 354 
                                                
* ジクロロエタン中 80 °Cでメチルエステル 349 に対して、30当量の Me3SnOH を作用させ合成した。セコ
酸 epi-350は精製することなく分子内光延反応の条件に付した。 
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第二節 分子内アルドール反応を用いる 15員環構築 
2.2.1. 逆合成解析  
 マクロラクトン化や光延反応など、分子内でのエステル結合形成を伴う 15 員環構築は困難であ
ったため、合成計画を変更した (Scheme 71)。化合物 358のβ-ヒドロキシアミド構造に着目し、
分子内アルドール反応による 15員環の構築を検討することとした。分子内反応で形成困難
であったエステル結合は分子間反応での構築を計画し、アルドール反応前駆体 246をアル





















































Scheme 71. Retrosynthetic analysis featuring aldol cyclization 
 
2.2.2. アルドール反応前駆体の合成  
 Acetylaranotin の合成中間体 245 を分子内アルドール反応の基質となる 246 へと導いた 








                                                
































































































Scheme 72. Preparation of substrate for aldol cyclization 
 
2.2.3. 分子内アルドール反応の検討  
 ジケトピペラジン 246 を用いて、分子内アルドール反応の検討を行った (Table 15)。Cashiraghi
らは、TBSOTfとDIPEAを用いるアミドとアルデヒドの分子内アルドール反応を報告している。53そ
こで、この条件を 246 に適用したが、過剰量の試薬を用いても全く環化は進行しなかった (entry 
1)。続いて、アミドエノラートを発生させる目的で塩基性条件下での反応を試みた。まず、
LiHMDS54を作用させたが、反応は進行しなかった (entry 2)。塩基として t-BuOKを用いる条件も
同様だった (entry 3)。一方、興味深いことに、塩基として TBAF を用いたところ、アルドール反応
が進行し、15員環化合物を収率 71%で得ることに成功した (entry 4)。55 TBAFに含まれる水の脱
プロトンにより生じる n-Bu4NOHが活性な塩基ではないかと考察し、entry 5では n-Bu4NOH を添




















LiHMDS, THF, –78 °C to rt, 4 h - a
t-BuOK in t-BuOH, THF, –78 °C to rt, 1 d - a

















5 n-Bu4NOH, THF, rt, 20 min - b
b The benzoyl ester was hydrolyzed.  
Table 15. Examination of aldol cyclization 
 58 
 続いて、C3位と C7”位の立体化学を決定するため、15員環化合物 365 の X線結晶構造解析
を行った (Figure 16)。その結果、C3 位と C7”位の立体化学がいずれも天然物と逆であることが
分かった。単一の異性体が得られた詳細な理由は不明だが、235 が他のジアステレオマーと比較
して熱力学的に安定であることが理由として考えられる。実際に、TBAF 添加条件下でアルデヒド


















Figure 16. X-ray crystallographic analysis of 235 
 
 天然物と同じ立体化学を有するアルコールへ導くため、光延反応によるヒドロキシ基の立体反転






                                                
* アルドール反応成績体 235に対して、THF中、5当量の TBAFを作用させたところアルデヒド 246が 14%
生成し、235 が収率 71%で回収された。 
† McCarthyらは、パラ位にメトキシ基が置換したベンジルアルコール 367を光延条件に伏したところ、ヒドロ

































































conditinos A: AcOH, DEAD, PMe3
                      THF-toluene, rt, 20 h
                      72% (5% rsm)
conditions B: Ac2O, Et3N, DMAP
                      CH2Cl2, rt, 1.5 h
                      83%2"
 
Scheme 73. Unsuccessful stereochemical inversion 
 
第三節 (+)-MPC1001Bの全合成 



















































Scheme 74. Undesired retro-aldol reaction 
 
 続いて、ヒドロキシ基を保護したのち、硫黄官能基導入を試みた (Scheme 75)。保護することに
より、レトロアルドール反応が抑えられると期待した。235 に対して、触媒量の PPTS 存在下、2-メト
キシプロペンを作用させて MOP アセタール 371 を得た。その後、Nicolaou らの手法を参考に、
371 へのテトラスルフィド導入を試みた。しかし、この場合も目的物はまったく得られずデヒドロ体
372の生成を示唆する結果が得られるのみであった。デヒドロ体 372は、ジケトピペラジンα位が脱
                                                
* 237 の構造は、1H NMRで 9.81 ppmにホルミル基由来のピークが観測されたこと、ESI-mass測定で






















































Scheme 75. Undesired E1cB elimination 
 
2.3.2. 1,3-ジカルボニル化合物への硫黄官能基の導入  





 まず、酸化の検討を行った (Table 16)。二酸化マンガンによる酸化を試みたが、まったく反応は
進行しなかった (entry 1)。つづいて、AZADOを用いた酸化を行ったところ、目的物 247は得られ
たが再現性に乏しかった (entry 2)。この時、副生成物として 237 に AZADO が付加した化合物
373が得られた。この AZADO付加体 373は、系中で生じた酢酸の酸性による生成物 247のエノ
ール化を経て生成していると考えた。そこで、酸によるエノール化を抑制する目的でリン酸緩衝液

































































2 373 was  also abtained.
*
* d.r. = 4:1
 
Table 16. Oxidation of benzyl alcohol 235 
                                                
* 372 の構造は、1H NMRで 6.66 ppmにオレフィン由来のピークが観測されたこと、ESI-mass測定で
794.1449 (calcd. for C34H41N3NaO8S3Si2, 794.1487 [M++Na])の分子量が観測されたことから推定した。 
 61 
 続いて、247 に対する硫黄官能基導入を行った (Scheme 76)。*ケトン 247 に–78 °C にて
LiHMDS を作用させて活性メチン部位を脱プロトンした後、chloro(triphenylmethyl)trisulfane (以
下、TrSSSCl)58 を添加することで C3 位選択的に硫黄官能基を導入した。その後、トリスルフィド
374 を上記と同様の条件、すなわち LiHMDS と TrSSSClで処理することで、ジケトピペラジン両α
位が硫黄官能基化されたジトリスルフィド 248を収率 60%で得ることに成功した。またこの時、トリス
ルフィド 374 に LiHMDS を作用させるのみで、TLC上での原料スポットの消失と新たなスポットの
生成が確認された。そこで、LiHMDS 添加後、飽和塩化アンモニウム水溶液で反応を停止させた












































































Scheme 76. Formation of di-trisulfide 248 
 
 トリスルフィド 375 が得られたことを考慮に入れ、248 の生成機構を以下のように考察した 
(Scheme 77)。まず、374 を LiHMDSで処理すると C11a位のプロトンが引き抜かれエノラート 376
が生成する。その後、より安定なエノラートを生じるように TrSSS基が C11a位へ転位して 377を与


















































Scheme 77. Plausible pathway to give di-trisulfide 248 
 
                                                
* Nicolaou らのテトラスルフィド導入法も試みたが、全く反応は進行せず、原料 247 が回収された。 
† 化合物 374、248、および 375 の立体化学は、天然物に導くことによって決定した。 
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2.3.3 クロスオーバー実験による反応機構の考察  
 C3位から C11a位への TrSSS基の転位が分子内反応および分子間反応のいずれの機構で進
行しているか調べることとした (Scheme 78)。*そこで、モデル基質を用いるクロスオーバー実験を
行った。すなわち、(4-MeC6H4)(Ph)2CH基およびジメチルカテコール基を有する化合物 378 と Tr
基およびジエチルカテコール基を有する化合物 379の 1:1混合物に対して LiHMDSを作用させ
た。その結果、380 と 381がそれぞれ収率 36%と 40%で得られ、382 と 383は全く単離されなかっ




















































































not isolated not isolated  
Scheme 78. Cross-over experiment using model substrates 
 
 溶媒かご内で反応が進行している場合の想定メカニズムを以下に示す  (Scheme 79)。
Liebscher らの報告 60を参考に、389 および 390 を経由して転位が進行していると考えた。まず、




この 388 から 391 を与えるプロセスが溶媒かご内で速やかに進行するため、上述のクロスオーバ
                                                





























































































Scheme 79. Plausible mechanism of RSSS group rearrangement 
 
2.3.4. (+)-MPC1001Bの全合成  
 MPC1001B (6)全合成への残る課題は、ジチオジケトピペラジン骨格の構築とカルボニル基のヒ
ドロキシ基への変換である (Scheme 80)。まずは、ケトンカルボニル基のヒドロキシ基への変換を
行った。*ケトン 248 を–78 °Cにて Luche還元の条件に付すことにより、MPC1001Bに対応する絶
対立体配置を有するアルコール 393 を定量的に得た。このとき、ジスルフィド結合の切断はまった




















































Scheme 80. Diastereoselective reduction of ketone 248 
 






成した (Table 17)。種々の還元剤を 393 に作用させた後、その粗精製物を酢酸エチル-メタノー
ル混合溶媒中で酸素雰囲気下に付した。まず、acetylaranotin の全合成で用いた条件、すなわち、
アセトニトリル中 1,3-プロパンジチオールと触媒量の Et3Nを作用させたところMPC1001B (6)を収
率 15%で得た (entry 1)。次に、チオールとして dithiothreitol (395)を用いたが、この場合は全く目
的物が得られなかった (entry 2)。また、還元剤として NaBH4を用いた場合も収率は 7%未満と低
収率に留まった (entry 3)。ところで、Danishefsky らは、HIV gp120 ユニットの合成終盤において、
sodium mercaptoethnaesulfonate (MES-Na) (396)を用いることで、高収率でジスルフィド結合の切
断が進行することを報告している。61 そこで、本条件をジチオールへの還元に用いることとした。
Danishefsky らの条件を参考に 393 に DMF-水混合溶媒中、触媒量の DIPEA とともに MES-Na 
(396)を作用させた。その結果、収率 33%で 6を得ることに成功した。なお、合成した 6の 1H NMR、














































MES-Na cat. DIPEA DMF-H2O 4.5 h 33%









* Not detected.  

































































































































1) Pd(OAc)2 (10 eq)
    Et3N (20 eq)
    Et3SiH (60 eq)
    CH2Cl2, 45 °C
2) Et3N
    CH2Cl2, 45 °C































1) TBAF, THF, rt
2) cat. Nor-AZADO
    PhI(OAc)2
    CH2Cl2, rt
3) NaBH4
    CeCl3·7H2O
    CH2Cl2-EtOH, –78 °C
























Condensation using natural isomers
Condensation using unnatural isomers
 
Scheme 82. Total synthesis of (–)-acetylaranotin 1 
 
 さらに、ジヒドロオキセピンユニット 245 から導いたアルデヒド 246 に対して、TBAF を作用させる
ことで、分子内アルドール反応が進行することを見いだし、MPC 類の有する特異な 15 員環骨格







































Scheme 83. Formation of 15-membered ring by using aldol cyclization 
 
 その後、TrSSS 基の転位反応を経るジケトピペラジン両α位への硫黄官能基導入に成功し、
MPC1001Bの世界初の全合成を達成した (Scheme 84)。本合成では、ベンズアルデヒド 246を前
駆体として 15 員環構造へ誘導しているため、15 員環構造を有する MPC1001 や MPC1001C の








































































248 MPC1001B (6)  
Scheme 84. Total synthesis of MPC1001B by utilizing TrSSS group migration  
 
 以上、著者は、本研究において多様な置換基導入を可能にするジヒドロオキセピン骨格構築法
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1. General remarks 
Materials were obtained from commercial suppliers and used without further purification unless 
otherwise mentioned. Anhydrous THF, Et2O, and CH2Cl2 were purchased from Kanto Chemical Co. Inc. 
Anhydrous toluene, DMF, and MeCN were purchased from Wako Pure Chemical Industries. Anhydrous 
MeOH was dried and distilled according to the standard protocols. All the reactions were carried out under 
Ar atmosphere unless otherwise mentioned. Column chromatography was performed on Silica Gel 60N 
(Kanto, spherical neutral, 63–210 µm), and flash column chromatography was performed on Silica Gel 60N 
(Kanto, spherical neutral, 40–50 µm). Preparative TLC was performed on Merck 60 F254 glass plates 
precoated with a 0.25 mm thickness of silica gel. Analytical TLC was performed on Merck 60 F254 glass 
plates precoated with a 0.25 mm thickness of silica gel. NMR spectra were recorded on a JNM-AL400 
spectrometer and a JEOL ECA600 spectrometer. Chemical shifts for 1H NMR are reported in parts per 
million (ppm) downfield from tetramethylsilane as the internal standard and coupling constants are in Hertz 
(Hz). The following abbreviations are used for spin multiplicity: s = singlet, d = doublet, t = triplet, q = 
quartet, m = multiplet, and br = broad. Chemical shifts for 13C NMR are reported in ppm, relative to the 
central line of a triplet at 77.0 ppm for deuteriochloroform or the central line of a septet at 29.8 ppm for 
acetone-d6. IR spectra were measured on a SHIMADZU FTIR-8300 spectrometer. Mass spectra were 
recorded on a Bruker micrOTOF II (ESI) and a Thermo Scientific Exactive Plus Orbitrap Mass 
Spectrometer (ESI). Optical rotations were measured on a Horiba SEPA-300 high sensitive polarimeter.	  
 
2. Synthesis of γ-hydroxy enone  













quant254 264  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
β,γ-unsaturated ketone 25429 (102 mg, 310 µmol) and CH2Cl2 (660 µL). To the solution was added DBU 
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(6.4 µL, 43 µmol) at room temperature. The reaction mixture was stirred at room temperature for 45 min, 
after which time TLC (hexanes-ethyl acetate = 3:2) indicated complete consumption of β,γ-unsaturated 
ketone 254. The reaction was quenched with 2 M aqueous HCl, and the aqueous layer was extracted with 
CH2Cl2 two times. The combined organic extracts were dried over anhydrous sodium sulfate, and filtered. 
The organic solvents were removed under reduced pressure to give a crude material, which was purified by 
flash silica gel column chromatography (hexanes-ethyl acetate = 3:2) to afford α,β-unsaturated ketone 264 
(102 mg, 310 µmol, quant) as a yellow oil. Rf = 0.44 (hexanes-ethyl acetate = 3:2); 1H NMR (400 MHz, 
CDCl3): δ 7.40–7.26 (m, 5H), 6.80 (dd, 0.6H, J = 10.4, 4.8 Hz), 6.77 (dd, 0.4H, J = 10.4, 4.8 Hz), 6.08–6.04 
(m, 1H), 5.21 (d, 0.4H, J = 12.4 Hz), 5.19 (d, 0.6H, J = 12.4 Hz), 5.13 (d, 0.6H, J = 12.4 Hz), 5.00 (d, 0.4H, 
J = 12.4 Hz), 4.67–4.45 (m, 2H), 3.78 (s, 1.8H), 3.56 (s, 1.2H), 3.26–3.12 (m, 1H), 3.13 (dd, 0.4H, J = 16.3, 
5.9 Hz), 2.98 (dd, 0.6H, J = 16.3, 5.9 Hz), 2.51–2.20 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 196.3, 196.2, 
172.2, 172.0, 154.0, 153.3, 146.0, 145.8, 135.86, 135.82, 129.6, 129.4, 128.3, 128.2, 127.9, 127.83, 127.76, 
127.6, 67.2, 66.9, 59.4, 59.1, 56.3, 55.7, 52.2, 52.0, 40.6, 39.6, 37.0, 36.2, 33.6, 32.6; IR (neat, cm–1): 3033, 
2952, 1746, 1706, 1683, 1412, 1390, 1353, 1251, 1207, 1120, 992, 768, 698; [α]D26 = –101 (c 1.39, CHCl3); 
LRMS (FAB) m/z: 330 [M++H]; HRMS (ESI+) m/z: calcd. for C18H19NNaO5, 352.1155 [M++Na]; found, 
352.1157. 
 



















264 265  
    A 10-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with α,β-unsaturated ketone 264 (460 mg, 1.40 mmol) and 
MeOH (2.8 mL). To the solution was added H2O2 (34.5% w/w solution in H2O, 720 µL, 7.30 mmol) at 0 °C 
and the resulting mixture was stirred for 5 min. To the mixture was added 4 M aqueous NaOH (34.0 µL, 
0.14 mmol) and the reaction mixture was stirred at 0 °C for 15 min, after which time TLC (hexanes-ethyl 
acetate = 1:1, developed twice) indicated complete consumption of 264. The reaction was quenched with 
three drops of AcOH followed by brine, and the aqueous layer was extracted with ether three times. The 
combined organic extracts were washed with saturated aqueous Na2SO3. The aqueous layer was extracted 
with ether. The combined organic extracts were dried over anhydrous sodium sulfate, and filtered. The 
organic solvents were removed under reduced pressure to give a crude material, which was purified by flash 
silica gel column chromatography (hexanes-ethyl acetate = 3:2) to afford α,β-epoxyketone 265 (470 mg, 
1.36 mmol, 97%) as a colorless oil. Rf = 0.46 (hexanes-ethyl acetate = 1:2); 1H NMR (400 MHz, CDCl3): 
δ 7.40–7.25 (m, 5H), 5.24–5.07 (m, 1.4H), 4.97 (d, 0.6H, J = 12.0 Hz), 4.66–4.50 (m, 1H), 4.50–4.34 (m, 
1H), 3.76 (s, 1.2H), 3.61–3.47 (m, 1H), 3.54 (s, 1.8H), 3.39–3.34 (m, 1H), 3.34–3.17 (m, 1H), 3.10 (dd, 
0.6H, J = 16.2, 8.4 Hz), 3.03 (dd, 0.4H, J = 16.2, 8.4 Hz), 2.54 (dd, 0.6H, J = 16.0, 2.8 Hz), 2.31 (dd, 0.4H, 
J = 13.6, 4.0 Hz), 2.24 (dd, 0.4H, J = 6.8, 2.0 Hz), 2.20 (dd, 0.6H, J = 6.8, 2.0 Hz); 13C NMR (100 MHz, 
CDCl3): δ 205.3, 204.6, 172.3, 172.2, 154.1, 153.7, 135.93, 135.86, 128.5, 128.4, 128.2, 128.1, 128.0, 127.9, 
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67.6, 67.2, 59.0, 58.9, 58.3, 57.4, 56.0, 54.7, 54.4, 54.2, 52.5, 52.3, 41.6, 40.3, 36.5, 35.5, 32.1, 30.9; IR 
(neat, cm–1): 3032, 2953, 1744, 1707, 1410, 1351, 1318, 1209, 1120, 1028, 822, 770, 752, 699; [α]D26 = 
–103 (c 1.47, CHCl3); LRMS (FAB) m/z: 346 [M++H]; HRMS (ESI+) m/z: calcd. for C18H20NO6, 346.1285 
[M++H]; found, 346.1284. 
 


















0 °C to rt, 11 h
55% 266  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
α,β-epoxyketone 265 (121 mg, 350 µmol) and CH2Cl2 (700 µL). To the solution were added NH2NH2·H2O 
(34.0 µL, 701 µmol) and one drop of AcOH at 0 °C. The resulting mixture was warmed to room temperature 
and stirred for 11 h, after which time TLC (hexanes-ethyl acetate = 1:2) indicated complete consumption of 
α,β-epoxyketone 265. The reaction mixture was diluted with CH2Cl2 and water. The aqueous layer was 
extracted with CH2Cl2 three times. The combined organic extracts were dried over anhydrous sodium sulfate, 
and filtered. The organic solvents were removed under reduced pressure to give a crude material, which was 
purified by flash silica gel column chromatography (hexanes-ethyl acetate = 2:3) to afford allyl alcohol 266 
(63.2 mg, 191 µmol, 55%) as a colorless oil. Rf = 0.19 (hexanes-ethyl acetate = 1:2); IR (neat, cm–1): 1H 
NMR (400 MHz, CDCl3): δ 7.40–7.25 (m, 5H), 5.89–5.72 (m, 2H), 5.20 (d, 1H, J = 12.4 Hz), 5.12 (d, 0.5H, 
J = 12.4 Hz), 5.00 (d, 0.5H, J = 12.4 Hz), 4.42–4.32 (m, 1H), 4.31–4.19 (m, 1H), 4.12–4.03 (m, 1H), 3.75 (s, 
1.5H), 3.56 (s, 1.5H), 2.87 (ddd, 0.5H, J = 18.0, 7.2, 4.8 Hz), 2.77–2.58 (m, 1.5H), 2.19–1.91 (m, 2H), 
1.90–1.74 (m, 1H), 1.66–1.54 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 172.9, 172.6, 154.7, 154.2, 136.44, 
136.37, 128.5, 128.4, 128.0, 127.9, 127.8, 127.7, 127.1, 126.9, 126.7, 67.2, 66.9, 66.2, 65.8, 57.82, 57.77 
52.3, 52.1, 51.8, 50.9, 43.3, 42.7, 32.8, 31.6, 28.2, 27.5; IR (neat, cm–1): 3445, 3032, 2952, 1746, 1701, 1415, 
1353, 1297, 1206, 1175, 1123, 995, 740, 698; [α]D28 = –98.5 (c 1.42, CHCl3); LRMS (FAB) m/z: 332 
[M++H]; HRMS (ESI+) m/z: calcd. for C18H21NNaO5, 354.1312 [M++Na]; found, 354.1306. 
 

















0 °C, 2 h
97% 267  
    A 100-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with allyl alcohol 266 (1.60 g, 4.83 mmol), NaHCO3 (1.05 g, 
12.5 mmol), and dry CH2Cl2 (24 mL). To the solution was added DMP (2.70 g, 6.37 mmol) at 0 °C. The 
reaction mixture was stirred at 0 °C for 2 h, after which time TLC (hexanes-ethyl acetate = 1:1) indicated 
complete consumption of allyl alcohol 266. The reaction mixture was diluted with CH2Cl2 and water. The 
aqueous layer was extracted with CH2Cl2 three times. The combined organic extracts were washed with 
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saturated aqueous NaHCO3 and brine, dried over anhydrous sodium sulfate, and filtered. The organic 
solvents were removed under reduced pressure to give a crude material, which was purified by flash silica 
gel column chromatography (hexanes-ethyl acetate = 1:1) to afford enone 267 (1.54 g, 4.68 mmol, 97%) as a 
colorless oil. Rf = 0.40 (hexanes-ethyl acetate = 1:1); 1H NMR (600 MHz, CDCl3): δ 7.38–7.26 (m, 5H), 
6.90 (ddd, 0.6H, J = 9.0, 6.0, 2.4 Hz), 6.83 (ddd, 0.4H, J = 9.0, 6.0, 2.4 Hz), 6.13–6.07 (m, 1H), 5.22 (d, 
0.4H, J = 12.6 Hz), 5.20 (d, 0.6H, J = 12.0 Hz), 5.12 (d, 0.4H, J = 12.0 Hz), 5.01 (d, 0.6H, J = 12.6 Hz), 
4.61 (ddd, 0.6H, J = 8.4, 8.4, 6.0 Hz), 4.55 (ddd, 0.4H, J = 8.4, 8.4, 6.0 Hz), 4.49 (d, 0.4H, J = 9.0 Hz), 4.42 
(dd, 0.6H, J = 9.0, 1.8 Hz), 3.76 (s, 1.2H), 3.57 (s, 1.8H), 3.19 (ddd, 0.6H, J = 12.6, 7.8, 7.8 Hz), 3.16–3.07 
(m, 1H), 2.94 (ddd, 0.4H, J = 19.2, 6.0, 6.0 Hz), 2.43–2.26 (m, 2.6H), 2.21 (dddd, 0.4H, J = 18.6, 9.0, 2.4, 
2.4 Hz); 13C NMR (150 MHz, CDCl3): δ 196.9, 196.8, 172.2, 171.9, 154.3, 153.9, 147.1, 146.7, 136.2, 136.1, 
129.1, 128.6, 128.4, 128.2, 128.1, 128.0, 127.9, 67.5, 67.2, 58.5, 58.4, 56.1, 55.4, 52.5, 52.3, 46.4, 45.8, 31.7, 
30.7, 29.0, 28.1; IR (neat, cm–1): 3033, 2952, 1747, 1707, 1673, 1413, 1354, 1299, 1208, 1176, 1121, 1001, 
790, 749, 699; [α]D25 = –115 (c 1.39, CHCl3); LRMS (FAB) m/z: 330 [M++H]; HRMS (ESI+) m/z: calcd. for 
C18H19NNaO5, 352.1155 [M++Na]; found, 352.1152. 
 
































267 280 282  
    A flame-dried 100-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar, a rubber septum, and an inlet adapter with three-way stopcock was charged with enone 267 (600 
mg, 1.82 mmol), i-Pr2EtN (1.39 mL, 7.98 mmol), and dry CH2Cl2 (18 mL) under an Ar atmosphere. To the 
solution was added TMSOTf (984 µL, 5.44 mmol) at room temperature. The reaction mixture was stirred at 
room temperature for 5 min. The reaction was quenched with 1 M aqueous HCl, and the aqueous layer was 
extracted with CH2Cl2 three times. The combined organic extracts were dried over anhydrous sodium sulfate, 
and filtered. The organic solvents were removed under reduced pressure to give a crude dienol silyl ether 
280. 
    The crude dienol silyl ether 280 was diluted with CH2Cl2 (24 mL). To the solution was added DMDO 
(0.0944 M in acetone, 19.0 mL, 1.79 mmol) at –78 °C. The resulting suspension was stirred at –78 °C for 30 
min. The organic solvents were removed under reduced pressure to give a crude material, which was 
dissolved in CH2Cl2 and charged with acidic silica gel. The resulting mixture was dried under reduced 
pressure and purified by flash silica gel column chromatography (hexanes-ethyl acetate = 1:1, then ethyl 
acetate only) to afford γ-hydroxyenone 282 (351 mg, 1.02 mmol, 56%) as a colorless oil. Rf = 0.23 
(hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.40–7.24 (m, 5H), 7.04 (dd, 0.7H, J = 10.4, 
4.8 Hz), 6.99 (dd, 0.3H, J = 10.4, 4.8 Hz), 6.17 (d, 0.3H, J = 10.4 Hz), 6.12 (d, 0.7H, J = 10.4 Hz), 
5.28–5.20 (m, 1H), 5.15 (d, 0.3H, J = 12.6 Hz), 5.02 (d, 0.7H, J = 12.6 Hz), 4.93–4.84 (m, 0.7H), 4.64–4.53 
(m, 0.6H), 4.51–4.37 (m, 1.7H), 3.77 (s, 0.9H), 3.61–3.52 (m, 0.7H), 3.57 (s, 2.1H), 3.23 (ddd, 0.3H, J = 
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13.2, 8.0, 8.0 Hz), 3.16–3.04 (m, 0.7H), 2.64 (ddd, 0.7H, J = 12.8, 9.6, 9.6 Hz), 2.50 (ddd, 0.3H, J = 13.2, 
13.2, 9.2 Hz), 2.35 (dd, 0.3H, J = 13.2, 8.0 Hz), 2.27–2.15 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 197.4, 
197.2, 172.5, 172.4, 154.7, 154.5, 147.7, 145.2, 136.0, 135.7, 131.5, 130.4, 128.7, 128.5, 128.4, 128.3, 128.1, 
127.9, 67.8, 67.7, 62.6, 61.9, 60.8, 59.7, 59.5, 58.9, 52.5, 52.3, 46.2, 45.6, 33.1, 32.9; IR (neat, cm–1): 3423, 
3033, 2954, 1744, 1707, 1681, 1415, 1353, 1299, 1208, 1124, 1056, 1014, 794, 753, 699; [α]D25 = –126 (c 
1.23, CHCl3); LRMS (FAB) m/z: 346 [M++H]; HRMS (ESI+) m/z: calcd. for C18H19NNaO5, 368.1105 
[M++Na]; found, 368.1092. 
 
3. Preparation of monomers possessing the stereochemistry of natural aranotin 

















50%282 286  
    A flame-dried 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an 
inlet adapter with three-way stopcock was charged with alcohol 282 (581 mg, 1.68 mmol), PNBOH (338 mg, 
2.02 mmol), PhOPPh2 (485 µL, 2.02 mmol), and dry toluene (10 mL) under an Ar atmosphere. To the 
solution was added DEAD (366 µL, 2.02 mmol) and the resulting mixture was stirred at room temperature 
for 10 min, after which time TLC (hexanes-ethyl acetate = 2:3) indicated complete consumption of alcohol 
282. The reaction mixture was concentrated under reduced pressure to give a crude material, which was 
purified by silica gel flash chromatography (CH2Cl2-MeOH = 30:1), then GPC to afford ester 286 (414 mg, 
0.827 mmol, 50%) as a pale yellow amorphous. Rf = 0.47 (hexanes-ethyl acetate = 2:3); 1H NMR (400 MHz, 
CDCl3): δ 8.31 (d, 1.4H, J = 8.8 Hz), 8.27 (d, 1.4H, J = 8.8 Hz), 8.04 (d, 0.6H, J = 8.8 Hz), 7.97 (d, 0.6H, J 
= 8.8 Hz), 7.32–6.98 (m, 4.4H), 7.06–6.98 (m, 0.6H), 6.84 (dd, 0.7H, J = 10.0, 2.0 Hz), 6.74 (dd, 0.3H, J = 
10.0, 2.0 Hz), 6.23–6.14 (m, 1H), 5.96–5.86 (m, 1H), 5.13 (d, 0.3H, J = 12.8 Hz), 5.06–4.86 (m, 2.4H), 
4.64–4.46 (m, 1.3H), 3.77 (s, 0.9H), 3.53 (s, 2.1H), 3.52–3.43 (m, 0.3H), 3.43–3.28 (m, 0.7H), 2.47–2.36 (m, 
2H); 13C NMR (100 MHz, CDCl3): δ 195.1, 194.9, 171.9, 171.7, 164.6, 163.8, 154.3, 154.1, 150.6, 150.5, 
145.9, 145.5, 135.8, 135.3, 134.9, 134.0, 131.1, 130.7, 129.7, 129.5, 128.3, 128.04, 127.98, 127.8, 127.10, 
127.09, 123.5, 123.3, 72.20, 72.18, 67.7, 67.4, 61.03, 60.96, 58.8, 58.6, 52.6, 52.3, 46.2, 44.9, 32.2, 31.5; IR 
(neat, cm–1): 2953, 1726, 1683, 1526, 1409, 1350, 1268, 1210, 1118, 1103, 753, 718, 698; [α]D26 = 52.8 (c 
0.828, CHCl3); HRMS (ESI+) m/z: calcd. for C25H22N2NaO9, 517.1218 [M++Na]; found, 517.1207. 
 























   A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was 
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charged with enone 286 (19.1 mg, 38.6 µmol) and dry CH2Cl2 (770 µL) under an Ar atmosphere. To the 
solution were added TFAA (53.7 µL, 0.386 mmol) and UHP (145 mg, 1.54 mmol) at 0 °C. The reaction 
mixture was stirred at 0 °C for 1 day, then diluted with CH2Cl2 and treated with saturated aqueous NaHCO3. 
The aqueous layer was extracted with CH2Cl2 five times and the combined organic extracts were washed 
with saturated aqueous Na2SO3 and brine. The aqueous layer was extracted with CH2Cl2 two times. The 
combined organic extracts were dried over anhydrous sodium sulfate and filtered, and the filtrate was 
concentrated under reduced pressure to give a crude material. This protocol was repeated three times using 
the crude material with the same amounts of reagents described above. The crude material was purified by 
flash silica gel column chromatography (toluene-diethyl ether = 4:1, then 1:1) to afford pure enol lactone 
287 (8.9 mg, 17 µmol, 45%) as a pale yellow oil and a mixture (5.8 mg) of the starting material 286 
(15%)*and enol lactone 287 (15%)*. Rf = 0.49 (toluene-diethyl ether = 3:1); 1H NMR (400 MHz, CDCl3): 
δ 8.30 (d, 2H, J = 8.8 Hz), 8.17 (d, 2H, J = 8.8 Hz), 7.42–7.15 (m, 5H), 6.52–6.40 (m, 1H), 5.85–5.57 (m, 
2H), 5.29–5.20 (m, 1.2H), 5.14–4.96 (m, 0.8H), 4.96–4.75 (m, 1H), 4.75–4.57 (m, 1H), 3.88–3.65 (m, 2H), 
3.65–3.48 (m, 2H), 3.10–2.93 (m, 1H), 2.38–2.19 (m, 1H); 13C NMR (150 MHz, CDCl3): δ 172.0, 168.0, 
167.7, 163.0, 154.8, 154.7, 150.8, 143.3, 142.7, 135.5, 134.5, 134.3, 131.0, 128.62, 128.56, 128.4, 128.2, 
128.1, 123.7, 111.3, 110.6, 68.2, 67.9, 67.7, 67.4, 60.2, 59.7, 52.7, 52.6, 47.2, 46.2, 31.5, 30.4; IR (neat, 
cm–1): 2955, 1748, 1733, 1715, 1528, 1400, 1347, 1269, 1211, 1099, 754, 719; [α]D25 = –21.6 (c 1.23, 
CHCl3); HRMS (ESI+) m/z: calcd. for C25H22N2NaO10, 533.1167 [M++Na]; found, 533.1187. 
 















OTfLHMDS (1 equiv)PhNTf2 (1 equiv)
HMPA (5 equiv)
THF
–78 °C, 40 min
43% 289  
    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar and a 
rubber septum was charged with enol lactone 287 (13.1 mg, 25.9 µmol) and dry THF (260 µL) under an Ar 
atmosphere. To the solution were added PhNTf2 (9.2 mg, 26 µmol) and LHMDS in THF (1 M, 25.7 µL, 26 
µmol) at –78 °C. The resulting solution was stirred at –78 °C for 25 min. To the mixture was added HMPA 
(22.3 µL, 128 µmol) dropwise. After another 15 min, the reaction mixture was diluted with diethyl ether and 
the reaction was quenched with saturated aqueous NH4Cl. The mixture was warmed to room temperature 
and the aqueous layer was extracted with ethyl acetate three times. The combined organic extracts were 
dried over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to 
give a crude material, which was purified by flash silica gel column chromatography (hexanes-ethyl acetate 
= 3:1) to afford enol triflate 289 (7.1 mg, 11 µmol, 43%) as a colorless oil. Rf = 0.72 (hexanes-ethyl acetate 
= 1:1); 1H NMR (400 MHz, CDCl3): δ 8.35–8.12 (m, 4H), 7.46–7.12 (m, 5H), 6.42 (dd, 1H, J = 7.6, 2.0 Hz), 
5.49 (d, 1H, J = 7.6 Hz), 5.12 (d, 1H, J = 9.6 Hz), 5.06–4.84 (m, 3H), 4.60 (d, 1H, J = 7.2 Hz), 3.69–3.45 (m, 
3H), 3.18–3.04 (m, 1H), 2.98–2.87 (m, 1H); 13C NMR (150 MHz, CDCl3): δ 171.8, 164.2, 155.7, 150.6, 
                                                
* NMR yield. 
 74 
144.1, 140.7, 135.6, 134.9, 131.3, 128.4, 128.2, 127.9, 123.4, 118.3 (q, 1JC-F = 321 Hz), 107.6, 107.2, 70.1, 
67.7, 60.63, 60.56, 52.6, 31.0; IR (neat, cm–1): 2956, 1746, 1730, 1529, 1429, 1394, 1340, 1272, 1227, 1217, 
1158, 1133, 1101, 1056, 1013, 987, 875, 831, 757, 720; [α]D27 = 51.8 (c 1.14, CHCl3); HRMS (ESI+) m/z: 
calcd. for C26H21F3N2NaO12S, 665.0660 [M++Na]; found, 665.0628.  
 









HCO2H (ca. 2 equiv)
DMF








289 291  
    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was 
charged with enol triflate 289 (4.2 mg, 6.5 µmol), Pd(OAc)2 (0.30 mg, 1.3 µmol), PPh3 (0.68 mg, 2.6 µmol), 
n-Bu3N (7.7 µL, 32 µmol), HCO2H (0.5 µL, 13 µmol), and dry DMF (400 µL). The resulting mixture was 
heated at 65 °C for 10 min. The reaction mixture was cooled to room temperature and diluted with ethyl 
acetate. The resulting mixture was washed with water five times and brine. The organic layer was dried over 
anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 2:1) to afford 
dihydrooxepine 291 (1.1 mg, 2.2 µmol, 34%) as a pale brown oil. Rf = 0.72 (hexanes-ethyl acetate = 1:1); 1H 
NMR (400 MHz, CDCl3): δ 8.40–8.07 (m, 4H), 7.35–7.14 (m, 5H), 6.53 (s, 1H), 6.38 (dd, 1H, J = 8.0, 2.0 
Hz), 5.52–5.31 (m, 1H), 5.06 (d, 1H, J = 8.8 Hz), 5.06–4.86 (m, 2H), 4.69 (dd, 1H, J = 8.2, 1.4 Hz), 4.56 (dd, 
1H, J = 9.3, 1.8 Hz), 3.66–3.44 (m, 3H), 2.99 (dddd, 1H, J = 16.4, 9.3, 2.4, 2.4 Hz), 2.74 (d, 1H, J = 16.4 
Hz); 13C NMR (150 MHz, CDCl3): δ 172.4, 164.5, 155.9, 150.5, 142.7, 138.0, 135.9, 135.4, 131.2, 128.3, 
128.0, 127.8, 123.3, 117.3, 103.9, 71.5, 67.4, 62.9, 61.2, 52.4, 31.9; IR (neat, cm–1): 2953, 1748, 1726, 1526, 
1394, 1339, 1308, 1274, 1237, 1141, 1117, 1104, 1077, 983, 754, 720; [α]D26 = –21.4 (c 1.09, CHCl3); 
HRMS (ESI+) m/z: calcd. for C25H22N2NaO9, 517.1218 [M++Na]; found, 517.1224. 
  






















    A flame-dried 20-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an 
inlet adapter with three-way stopcock was charged with alcohol 282 (167 mg, 484 µmol), p-MeOBzOH (132 
mg, 868 µmol), n-Bu3P (217 µL, 869 µmol), and dry toluene (3.7 mL) under an Ar atmosphere. To the 
solution was added TMAD (150 mg, 871 µmol) and the resulting mixture was stirred at 60 °C for 40 min, 
after which time TLC (hexanes-ethyl acetate = 2:3) indicated complete consumption of alcohol 282. The 
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reaction mixture was cooled to room temperature and diluted with ethyl acetate. The mixture was washed 
with H2O three times, saturated aqueous NaHCO3 twice and brine. The organic layer was dried over 
anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by silica gel flash chromatography (hexanes-ethyl acetate = 1:1) to afford 
benzoate 292 (162 mg, 338 µmol, 70%) as a colorless oil. Rf = 0.38 (toluene-diethyl ether = 3:1); 1H NMR 
(400 MHz, CDCl3): δ 8.09 (d, 1.2H, J = 8.8 Hz), 7.89 (d, 0.8H, J = 8.8 Hz), 7.42–7.19 (m, 4.2H), 7.12–7.07 
(m, 0.8H), 6.96 (d, 1.2H, J = 8.8 Hz), 6.87 (dd, 0.6H, J = 10.5, 2.2 Hz), 6.81–6.75 (m, 1.2H), 6.15 (ddd, 1H, 
J = 10.5, 2.4, 2.4 Hz), 5.86 (ddd, 1H, J = 8.0, 2.2, 2.2 Hz), 5.24 (d, 0.4H, J = 12.8 Hz), 5.06 (d, 0.6H, J = 
12.4 Hz), 4.98–4.85 (m, 1.6H), 4.60–4.53 (m, 0.4H), 4.51–4.43 (m, 1H), 3.88 (s, 1.8H), 3.86 (s, 1.2H), 3.75 
(s, 1.2H), 3.50 (s, 1.8H), 3.44–3.27 (m, 1H), 2.50–2.33 (m, 2H); 13C NMR (100 MHz, CDCl3): δ 195.7, 
195.5, 172.1, 171.9, 166.1, 165.5, 163.8, 163.7, 154.5, 154.1, 147.3, 147.0, 135.94, 135.91, 132.2, 131.9, 
129.4, 129.1, 128.4, 128.3, 128.1, 127.9, 127.5, 121.9, 121.4, 113.8, 113.7, 70.9, 70.8, 67.5, 67.4, 61.14, 
61.11, 58.8, 58.7, 55.5, 52.5, 52.3, 46.3, 45.2, 32.3, 31.6; IR (neat, cm–1): 2952, 1747, 1714, 1683, 1605, 
1512, 1410, 1353, 1257, 1169, 1101, 1027, 849, 753, 697; [α]D32 = 61.8 (c 2.06, CHCl3); HRMS (ESI+) m/z: 
calcd. for C26H25NNaO8, 502.1472 [M++Na]; found, 502.1456. 
 























    A flame-dried 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an 
inlet adapter with three-way stopcock was charged with enone 292 (299 mg, 624 µmol) and dry CH2Cl2 
(11.5 mL) under an Ar atmosphere. To the solution were added TFAA (870 µL, 6.26 mmol) and UHP (2.35 
g, 25.0 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 34 h, then diluted with CH2Cl2 and 
quenched with saturated aqueous NaHCO3. The aqueous layer was extracted with CH2Cl2 four times and the 
combined organic extracts were washed with saturated aqueous Na2SO3 and brine. The organic layer was 
dried over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to 
give a crude material, which was purified by flash silica gel column chromatography (toluene-diethyl ether 
= 4:1) to afford pure enol lactone S1 (111 mg, 225 µmol, 36%) as a pale yellow oil and a mixture of the 
starting material 292 and enol lactone S1 (80.4 mg). Rf = 0.49 (toluene-diethyl ether = 3:1); 1H NMR (600 
MHz, CDCl3): δ 7.96 (d, 2H, J = 8.7 Hz), 7.41–7.27 (m, 5H), 6.93 (d, 2H, J = 8.7 Hz), 6.41 (br s, 1H), 5.71 
(br s, 1H), 5.63 (br s, 1H), 5.28–5.19 (m, 1.4H), 5.02 (d, 0.6H, J = 12.0 Hz), 4.92–4.81 (m, 1H), 4.68–4.58 
(m, 1H), 3.86 (s, 3H), 3.80–3.68 (m, 2.2H), 3.54 (s, 1.8H), 3.06–2.90 (m, 1H), 2.29 (dd, 1H, J = 12.3, 8.1 
Hz); 13C NMR (150 MHz, CDCl3): δ 172.1, 168.1, 167.8, 164.4, 163.7, 154.9, 154.5, 142.7, 142.2, 135.6, 
131.9, 128.5, 128.3, 128.2, 128.0, 121.4, 121.2, 113.8, 111.9, 111.3, 68.3, 68.0, 67.7, 67.5, 66.9, 66.3, 60.1, 
59.7, 55.4, 52.6, 52.4, 47.2, 46.2, 31.5, 30.4; IR (neat, cm–1): 2956, 1749, 1716, 1605, 1513, 1401, 1344, 
1258, 1211, 1171, 1094, 1027, 998, 849, 768, 754, 698; [α]D32 = –25.6 (c 2.97, CHCl3); HRMS (ESI+) m/z: 
calcd. for C26H25NNaO9, 518.1422 [M++Na]; found, 518.1398. 
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OTfLHMDS (1.1 equiv)PhNTf2 (1.2 equiv)
HMPA (5 equiv)
THF
–78 °C, 50 min
ca. 62% S2  
    A flame-dried 50-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar, a rubber septum, and an inlet adapter with three-way stopcock was charged with enol lactone S1 
(452 mg, 912 µmol) and dry THF (9.0 mL) under an Ar atmosphere. To the solution were added PhNTf2 
(391 mg, 1.09 mmol) and LHMDS in THF (1 M, 0.96 mL, 0.96 mmol) at –78 °C. The resulting solution was 
stirred at –78 °C for 30 min, and then added HMPA (793 µL, 4.56 mmol) dropwise. After another 15 min, 
the reaction mixture was diluted with ether and the reaction was quenched with saturated aqueous NH4Cl. 
The mixture was warmed to room temperature and the aqueous layer was extracted with ethyl acetate three 
times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered, and the filtrate 
was concentrated under reduced pressure to give a crude material, which was purified by flash silica gel 
column chromatography (hexanes-ethyl acetate = 3:1 to 1:1, gradient) to afford enol triflate S2 (ca. 354 mg, 
ca. 563 µmol, ca. 62%) as a colorless oil. Rf = 0.78 (hexanes-ethyl acetate = 1:2); 1H NMR (400 MHz, 
CDCl3): δ 8.20–7.90 (m, 2H), 7.33–7.14 (m, 5H), 6.89 (d, 2H, J = 7.2 Hz), 6.37 (dd, 1H, J = 7.8, 1.6 Hz), 
5.54–5.40 (m, 1H), 5.09 (d, 1H, J = 9.6 Hz), 5.04–4.82 (m, 2H), 4.99 (dd, 1H, J = 8.0, 1.2 Hz), 4.56 (dd, 1H, 
J = 9.0, 2.2 Hz), 3.86 (s, 3H), 3.53 (s, 3H), 3.10 (ddd, 1H, J = 17.2, 9.2, 2.0 Hz), 2.90 (dd, 1H, J = 17.2, 2.4 
Hz); 13C NMR (150 MHz, CDCl3): δ 171.7, 165.6, 163.5, 155.3, 143.8, 140.0, 135.6, 132.1, 128.2, 128.0, 
121.7, 118.1 (q, 1JC-F = 321 Hz), 113.5, 108.4, 107.4, 68.8, 67.4, 60.5, 60.2, 55.2, 52.3, 30.9; IR (neat, cm–1): 
2956, 1747, 1715, 1606, 1513, 1427, 1335, 1257, 1216, 1157, 1133, 1095, 1053, 1029, 874, 847, 797, 758, 
697, 609; [α]D32 = 43.7 (c 2.05, CHCl3); HRMS (ESI+) m/z: calcd. for C27H24F3NNaO11S, 650.0914 





















S2 295  
    A flame-dried 100-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and 
an inlet adapter with three-way stopcock was charged with enol triflate S2 (354 mg, 563 µmol), Pd(OAc)2 
(50.6 mg, 225 µmol), PPh3 (118 mg, 450 µmol), n-Bu3N (671 µL, 2.82 mmol), HCO2H (42.5 µL, 1.13 
mmol), and dry DMF (27 mL). The resulting mixture was heated at 65 °C for 15 min, after which time TLC 
(hexanes-ethyl acetate = 4:1) indicated complete consumption of enol triflate S2. The reaction mixture was 
cooled to room temperature and diluted with ethyl acetate. The resulting mixture was washed with 1 M 
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aqueous HCl, water three times, saturated aqueous NaHCO3 and brine. The organic layer was dried over 
anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by silica gel column chromatography (hexanes-ethyl acetate = 2:1) to 
afford dihydrooxepine 295 (ca. 233 mg, ca. 486 µmol, ca. 86%) as a pale brown oil. Rf = 0.56 (hexanes-ethyl 
acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 8.08 (br s, 2H), 7.32–7.11 (m, 5H), 6.88 (br s, 2H), 6.50 (s, 
1H), 6.34 (dd, 1H, J = 8.4, 2.0 Hz), 5.38 (br s, 1H), 5.04 (d, 1H, J = 8.8 Hz), 4.95 (br s, 2H), 4.71 (dd, 1H, J 
= 8.2, 1.4 Hz), 4.52 (dd, 1H, J = 9.0, 2.6 Hz), 3.86 (s, 3H), 3.51 (br s, 3H), 2.97 (dddd, 1H, J = 16.0, 9.0, 2.2, 
2.2 Hz), 2.72 (d, 1H, J = 16.0 Hz); 13C NMR (150 MHz, CDCl3): δ 172.5, 166.1, 163.4, 155.7, 142.1, 137.6, 
136.1, 132.2, 128.3, 127.9, 122.3, 117.6, 113.5, 104.9, 70.4, 67.3, 62.9, 60.9, 55.4, 52.2, 31.9; IR (neat, 
cm–1): 2953, 1748, 1714, 1605, 1512, 1393, 1335, 1256, 1169, 1141, 1101, 1028, 986, 849, 756, 696; [α]D30 





















    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
Cbz carbamate 295 (10.3 mg, 21.5 µmol), 10% Pd/C (9.2 mg, 8.6 µmol), ammonium formate (4.1 mg, 65 
µmol), and MeOH (300 µL). The reaction mixture was stirred at reflux for 45 min, after which time TLC 
(hexanes-ethyl acetate = 1:1) indicated complete consumption of Cbz carbamate 295. The reaction mixture 
was cooled to room temperature and passed through a pad of Celite using MeOH as an eluent. The filtrate 
was concentrated under reduced pressure to give a crude material, which was purified by preparative TLC 
(hexanes-ethyl acetate = 1:1) to afford amine 296 (4.8 mg, 14 µmol, 65%) as a colorless oil. Rf = 0.41 
(hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.99–7.94 (m, 2H), 6.88–6.83 (m, 2H), 6.40 
(dd, 1H, J = 4.4, 2.0 Hz), 6.17 (dd, 1H, J = 8.3, 2.3 Hz), 5.31 (ddd, 1H, J = 8.4, 2.0, 2.0 Hz), 4.59 (dd, 1H, J 
= 8.3, 2.0 Hz), 4.27–4.20 (m, 1H), 3.85 (dd, 1H, J = 7.6, 4.6 Hz), 3.80 (s, 3H), 3.67 (s, 3H), 2.82 (dddd, 1H, 
J = 15.4, 7.6, 2.2, 2.2 Hz), 2.71–2.62 (m, 1H); 13C NMR (150 MHz, CDCl3): δ 174.8, 165.7, 163.5, 140.8, 
136.3, 131.8, 122.5, 117.0, 113.6, 104.7, 71.7, 61.8, 58.8, 55.4, 52.2, 33.4; IR (neat, cm–1): 3360, 2952, 1736, 
1711, 1653, 1605, 1511, 1338, 1255, 1168, 1098, 1028, 973, 849, 768; [α]D31 = –30.4 (c 0.428, CHCl3); 
HRMS (ESI+) m/z: calcd. for C18H19NNaO6, 368.1105 [M++Na]; found, 368.1097. 
 
















    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was 
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charged with benzoate 296 (59.9 mg, 125 µmol) and dry MeOH (426 µL). To the solution was added 
NaOMe (33.7 mg, 624 µmol) at 0 °C. The resulting mixture was warmed to room temperature and stirred for 
2 h, after which time TLC (toluene-ether = 8:1) indicated complete consumption of benzoate 296. The 
reaction was quenched with saturated aqueous NH4Cl and the aqueous layer was extracted with CH2Cl2 five 
times. The combined organic extracts were dried over anhydrous sodium sulfate, filtered and the filtrate was 
concentrated under reduced pressure to give a crude material, which was purified by silica gel column 
chromatography (hexanes-ethyl acetate = 2:1) to afford alcohol 306 (34.7 mg, 100 µmol, 80%) as a colorless 
oil. Rf = 0.41 (hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.41–7.26 (m, 5H), 6.41 (br s, 
1H), 6.21 (dd, 1H, J = 8.3, 2.0 Hz), 5.74 (d, 1H, J = 4.0 Hz), 5.25 (d, 1H, J = 12.4 Hz), 5.06 (d, 1H, J = 12.4 
Hz), 4.78 (dd, 1H, J = 8.3, 1.0 Hz), 4.73 (d, 1H, J = 8.4 Hz), 4.56 (dd, 1H, J = 9.4, 1.9 Hz), 4.22–4.15 (m, 
1H), 3.52 (s, 3H), 2.89 (dddd, 1H, J = 16.3, 9.4, 2.2, 1.9 Hz), 2.61 (d, 1H, J = 16.3 Hz); 13C NMR (150 MHz, 
CDCl3): δ 172.3, 158.9, 139.8, 137.7, 135.4, 128.5, 128.4, 128.3, 116.3, 109.6, 70.6, 68.4, 65.9, 61.1, 52.3, 
31.9; IR (neat, cm–1): 3385, 2954, 1747, 1703, 1683, 1440, 1406, 1339, 1284, 1232, 1165, 1135, 1078, 1040, 
963, 907, 739, 698; [α]D29 = –234 (c 0.772, CHCl3); HRMS (ESI+) m/z: calcd. for C18H19NNaO6, 368.1105 
[M++Na]; found, 368.1104. 
 
(2S,8S,8aS)-1-((Benzyloxy)carbonyl)-8-hydroxy-2,3,8,8a-tetrahydro-1H-oxepino[4,3-b]pyrrole-2- 















    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
ester 306 (12.5 mg, 36.2 µmol), THF (200 µL), and MeOH (200 µL). To the solution was added 2 M 
aqueous KOH (200 µL) dropwise at room temperature and the resulting mixture was stirred for 5.5 h, after 
which time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption of ester 306. The reaction 
mixture was cooled to 0 °C and acidified with 1 M aqueous HCl. The resulting mixture was extracted with 
CH2Cl2 five times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered. 
The organic solvents were removed under reduced pressure to give the crude carboxylic acid S3 (11.8 mg) 
as a colorless oil, which was used in the next step without further purification. 
 
(2S,8S,8aS)-8-Acetoxy-1-((benzyloxy)carbonyl)-2,3,8,8a-tetrahydro-1H-oxepino[4,3-b]pyrrole-2- 
















    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with the 
crude alcohol S3 (11.8 mg) and CH2Cl2 (360 µL). The mixture was cooled to 0 °C. To the solution were 
added Et3N (19.8 µL, 142 µmol), DMAP (1.3 mg, 11 µmol), and Ac2O (6.7 µL, 71 µmol) at 0 °C. The 
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resulting mixture was warmed to room temperature and stirred for 2.5 h. To the solution were added Et3N 
(10.0 µL, 71.7 µmol) and Ac2O (6.7 µL, 71 µmol) at 0 °C, and the resulting mixture was warmed to room 
temperature and stirred for another 45 min, after which time TLC (ethyl acetate-acetic acid = 60:1) indicated 
complete consumption of alcohol S3. The reaction mixture was cooled to 0 °C and treated with saturated 
aqueous NaHCO3. The resulting mixture was acidified with 1 M aqueous HCl and extracted with CH2Cl2 
five times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered. The 
organic solvents were removed under reduced pressure to give the crude acetate 298 (14.1 mg) as a colorless 




























    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with the 
crude carboxylic acid 298 (14.1 mg) and dry CH2Cl2 (300 µL). The mixture was cooled to 0 °C. To the 
resulting solution were added (COCl)2 (15.1 µL, 178 µmol) and DMF (5% v/v solution in CH2Cl2, 3.0 µL) 
at 0 °C. The reaction mixture was warmed to room temperature and stirred for 30 min, after which time TLC 
(hexanes-ethyl acetate = 1:1) indicated complete consumption of carboxylic acid 298. The reaction mixture 
was diluted with toluene and the organic solvents were removed under reduced pressure to give the crude 
acid chloride. To the crude acid chloride were added MeCN (200 µL), In powder (4.1 mg, 36 µmol), and 
amine 296 (8.55 mg, 24.8 µmol) dissolved in dry CH2Cl2 (200 µL). The resulting mixture was stirred at 
room temperature. After 1.5 h, additional In powder (12.0 mg, 105 µmol) was added to the mixture and the 
reaction mixture was stirred for another 1 h. The mixture was passed through a pad of Celite using CH2Cl2 
as an eluent. The filtrate was washed with saturated aqueous NaHCO3, 1 M aqueous HCl, and brine. The 
organic layer was dried over anhydrous sodium sulfate and filtered. The organic solvents were removed 
under reduced pressure to give a crude material, which was purified by preparative TLC (hexanes-ethyl 
acetate = 1:1, developed three times) to afford amide 300 (6.14 mg, 8.76 µmol, 35%) as a colorless oil. Rf = 
0.43 (hexanes-ethyl acetate = 1:1, developed twice); 1H NMR (400 MHz, CDCl3): δ 8.07–7.85 (m, 2H), 
7.49–7.06 (m, 4H), 7.04–6.97 (m, 1H), 6.96–6.84 (m, 2H), 6.63–6.00 (m, 4H), 5.74–4.26 (m, 10H), 
3.93–3.48 (m, 6H), 3.17–2.27 (m, 4H), 2.03–1.63 (m, 3H); 13C NMR (150 MHz, CDCl3): δ 173.7, 173.6, 
173.4, 172.5, 172.1, 171.5, 170.8, 170.7, 166.5, 165.3, 163.8, 163.6, 163.5, 163.1, 156.7, 156.4, 156.3, 155.9, 
143.3, 142.7, 142.5, 142.4, 141.5, 140.8, 138.8, 138.7, 137.9, 137.5, 137.2, 136.5, 136.3, 135.8, 132.4, 132.2, 
132.0, 131.8, 128.7, 128.4, 128.25, 128.22, 127.8, 127.72, 127.71, 127.6, 121.7, 121.6, 120.2, 120.0, 119.5, 
117.7, 117.1, 115.7, 113.7, 113.6, 113.5, 113.3, 105.5, 105.3, 105.0, 104.7, 104.4, 104.2, 104.1, 71.7, 70.4, 
70.2, 69.84, 69.80, 69.7, 69.5, 67.2, 66.7, 66.5, 64.8, 63.8, 63.4, 62.8, 61.83, 61.77, 61.3, 61.2, 60.6, 60.0, 
55.5, 55.4, 55.3, 52.7, 52.5, 52.4, 52.2, 33.5, 32.9, 32.0, 30.1, 29.7, 29.5, 29.0, 21.1, 20.9, 20.7, 20.2 
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(complexity due to rotamers); IR (neat, cm–1): 3024, 2954, 1737, 1712, 1666, 1651, 1605, 1512, 1394, 1336, 
1255, 1238, 1169, 1140, 1087, 1028, 985, 970, 849, 752, 697; [α]D28 = –85.6 (c 0.614, CHCl3); HRMS 
(ESI+) m/z: calcd. for C37H36N2NaO12, 723.2160 [M++Na]; found, 723.2133. 
 
4. Synthesis of 5,13-epi-diketopiperazine and inversion of two hydroxyl groups 


















282 146  
    A flame-dried 300-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar, a rubber septum, and an inlet adapter with three-way stopcock was charged with alcohol 282 
(3.50 g, 10.1 mmol) and dry CH2Cl2 (100 mL) under an Ar atmosphere. To the solution were added 
2,6-lutidine (5.90 mL, 50.7 mmol) and TBSOTf (2.91 mL, 12.7 mmol) at 0 °C. The reaction mixture was 
stirred at 0 °C for 25 min, after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete 
consumption of alcohol 282. The reaction was quenched with 1 M aqueous HCl, and the aqueous layer was 
extracted with CH2Cl2 three times. The combined organic extracts were dried over anhydrous sodium sulfate 
and filtered. The organic solvents were removed under reduced pressure to give a crude material, which was 
purified by flash silica gel column chromatography (hexanes-ethyl acetate = 4:1 to 3:2, gradient) to afford 
TBS ether 146 (3.49 g, 7.60 mmol, 75%) as a colorless oil. Rf = 0.65 (hexanes-ethyl acetate = 1:1); 1H NMR 
(600 MHz, CDCl3): δ 7.40–7.28 (m, 5H), 6.98 (dd, 0.7H, J = 10.5, 6.3 Hz), 6.92 (dd, 0.3H, J = 9.9, 5.7 Hz), 
6.12 (d, 0.7H, J = 9.9 Hz), 6.10 (d, 0.3H, J = 10.5 Hz), 5.24 (d, 0.7H, J = 12.6 Hz), 5.18 (s, 0.6H), 5.00 (d, 
0.7H, J = 12.6 Hz), 4.77 (dd, 0.7H, J = 6.3, 3.6 Hz), 4.52 (dd, 0.3H, J = 5.7, 3.6 Hz), 4.48–4.41 (m, 1.7H), 
4.36 (dd, 0.3H, J = 6.9, 3.6 Hz), 3.77 (s, 0.9H), 3.59 (s, 2.1H), 3.22 (ddd, 0.3H, J = 12.6, 8.1, 8.1 Hz), 3.16 
(ddd, 0.7H, J = 12.6, 8.3, 8.3 Hz), 2.56 (ddd, 0.7H, J = 13.1, 13.1, 9.2 Hz), 2.53 (ddd, 0.3H, J = 13.2, 13.2, 
9.6 Hz), 2.35–2.28 (m, 1H), 0.81 (s, 6.3H), 0.80 (s, 2.7H), 0.04 (s, 2.1H), –0.02 (s, 2.1H), –0.04 (s, 0.9H), 
–0.09 (s, 0.9H); 13C NMR (150 MHz, CDCl3): δ 198.0, 197.9, 172.8, 172.7, 154.0, 153.8, 146.8, 146.6, 
136.1, 136.0, 130.8, 130.7, 128.6, 128.5, 128.42, 128.38, 128.1, 127.9, 67.6, 67.2, 62.9, 61.9, 59.6, 59.5, 
59.3, 59.0, 52.4, 52.2, 45.8, 44.9, 33.7, 32.8, 25.5, 17.6, –4.65, –4.67, –5.2, –5.3; IR (neat, cm–1): 2953, 2930, 
2856, 1749, 1710, 1684, 1412, 1351, 1296, 1257, 1204, 1172, 1121, 1069, 1024, 911, 892, 838, 797, 781, 
























(4 cycles)146 147  
    A flame-dried 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an 
inlet adapter with three-way stopcock was charged with enone 146 (518 mg, 1.13 mmol) and dry CH2Cl2 
(20.8 mL) under an Ar atmosphere. To the solution were added TFAA (1.57 mL, 11.3 mmol) and UHP (4.25 
g, 45.2 mmol) at –20 °C. The reaction mixture was stirred at –20 °C for 10 h, then diluted with CH2Cl2 and 
quenched with saturated aqueous NaHCO3. The aqueous layer was extracted with CH2Cl2 five times and the 
combined organic extracts were washed with saturated aqueous Na2SO3 and brine. The organic layer was 
dried over anhydrous sodium sulfate and filtered. The organic solvents were removed under reduced pressure 
to give a crude material, which was purified by flash silica gel column chromatography (hexanes-ethyl 
acetate = 4:1 to 3:2, gradient) to afford the starting material 146 (339 mg, 738 µmol, 65%) and enol lactone 
147 (122 mg, 257 µmol, 23%) as a colorless oil. This protocol was repeated using the recovered enone 146 
three times to afford the starting material 146 (99.4 mg, 216 µmol, 19%) and enol lactone 147 (total 283 mg, 
595 µmol, 53%). Rf = 0.26 (hexanes-ethyl acetate = 2:1); 1H NMR (600 MHz, CDCl3): δ 7.39–7.28 (m, 5H), 
6.38 (d, 0.8H, J = 6.6 Hz), 6.34 (d, 0.2H, J = 6.6 Hz), 5.58 (dd, 0.8H, J = 6.6, 6.6 Hz), 5.40 (dd, 0.2H, J = 
6.6, 6.6 Hz), 5.20–5.12 (m, 1.2H), 4.96 (d, 0.8H, J = 12.6 Hz), 4.89 (dd, 0.8H, J = 6.6, 1.5 Hz), 4.59–4.49 
(m, 1.2H), 4.48–4.42 (m, 1H), 3.76 (s, 0.6H), 3.52–3.39 (m, 3.4H), 2.87–2.81 (m, 1H), 2.20 (ddd, 0.2H, J = 
13.2, 7.5, 5.4 Hz), 2.11 (ddd, 0.8H, J = 13.4, 7.7, 6.2 Hz), 0.84 (s, 7.2H), 0.81 (s, 1.8H), 0.01 (s, 2.4H), 
–0.02 (s, 2.4H), –0.07 (s, 0.6H), –0.12 (s, 0.6H); 13C NMR (150 MHz, CDCl3): δ 172.7, 169.9, 169.5, 154.1, 
153.7, 142.0, 141.9, 135.9, 135.8, 128.6, 128.42, 128.38, 128.23, 128.18, 113.7, 112.6, 68.4, 67.6, 67.3, 66.7, 
66.5, 64.7, 59.25, 59.15, 52.4, 52.0, 45.4, 44.1, 32.6, 32.4, 25.4, 17.9, –5.0, –5.2, –5.4, –5.5; IR (neat, cm–1): 
2952, 2930, 2856, 1750, 1709, 1413, 1343, 1254, 1207, 1175, 1137, 1111, 1053, 926, 838, 775, 698; [α]D28 
= –85.3 (c 0.910, CHCl3); HRMS (ESI+) m/z: calcd. for C24H34NO7Si, 476.2099 [M++H]; found, 476.2082. 
 












Rf = 0.46 (hexanes-ethyl acetate = 2:1); 1H NMR (400 MHz, CDCl3): δ 7.44–7.21 (m, 5H), 5.23 (d, 0.3H, J 
= 12.0 Hz), 5.20 (d, 0.7H, J = 12.0 Hz), 5.14 (d, 0.3H, J = 12.0 Hz), 5.02 (d, 0.7H, J = 12.0 Hz), 5.02 (dd, 
0.7H, J = 3.2, 3.2 Hz), 4.73 (dd, 0.3H, J = 3.8, 3.0 Hz), 4.56 (dd, 0.7H, J = 9.6, 2.4 Hz), 4.51 (dd, 0.3H, J = 
9.6, 2.8 Hz), 4.37–4.29 (m, 1H), 3.74 (s, 0.9H), 3.64 (dd, 0.7H, J = 4.2, 4.2 Hz), 3.58 (dd, 0.3H, J = 4.2, 4.2 
Hz), 3.56 (s, 2.1H), 3.42 (d, 0.7H, J = 4.8 Hz), 3.40 (d, 0.3H, J = 4.4 Hz), 3.09 (ddd, 0.3H, J = 11.2, 9.2, 9.2 
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Hz), 3.03 (ddd, 0.7H, J = 11.6, 9.2, 9.2 Hz), 2.39–2.23 (m, 2H), 0.80 (s, 6.3H), 0.78 (s, 2.7H), 0.04 (s, 2.1H), 
–0.08 (s, 0.9H), –0.09 (s, 2.1H), –0.17 (s, 0.9H); 13C NMR (100 MHz, CDCl3): δ 205.9, 205.6, 173.00, 
172.95, 154.5, 154.0, 136.1, 135.9, 128.6, 128.44, 128.41, 128.13, 128.06, 67.7, 67.2, 66.2, 65.3, 58.5, 58.2, 
58.1, 57.3, 57.21, 57.16, 53.9, 53.8, 52.4, 52.2, 45.5, 44.5, 32.8, 32.0, 25.5, 25.4, 17.7, 17.6, –5.1, –5.2, 
–5.25, –5.32; IR (neat, cm–1): 2954, 2930, 2857, 1748, 1711, 1408, 1348, 1324, 1292, 1259, 1209, 1118, 
1085, 838, 778; [α]D26 = –87.8 (c 1.23, CHCl3); HRMS (ESI+) m/z: calcd. for C24H34NO7Si, 476.2099 
[M++H]; found, 476.2102. 
 




















–78 °C, 30 min
77% 148  
    A flame-dried 100-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar, a rubber septum, and an inlet adapter with three-way stopcock was charged with enol lactone 
147 (754 mg, 1.59 mmol) and dry THF (16 mL) under an Ar atmosphere. To the solution were added 
PhNTf2 (651 mg, 1.82 mmol) and KHMDS (0.5 M in toluene, 3.80 mL, 1.90 mmol) at –78 °C. The resulting 
solution was stirred at –78 °C for 30 min, then quenched with H2O. The reaction mixture was extracted with 
ethyl acetate three times and the combined organic extracts were dried over anhydrous sodium sulfate, and 
filtered. The organic solvents were removed under reduced pressure to give a crude material, which was 
purified by flash silica gel column chromatography (hexanes-ethyl acetate = 99:1 to 4:1, gradient) to afford 
enol triflate 148 (740 mg, 1.22 mmol, 77%) as a colorless oil. Rf = 0.53 (hexanes-ethyl acetate = 1:1); 1H 
NMR (400 MHz, CDCl3): δ 7.38–7.27 (m, 5H), 6.27 (d, 0.7H, J = 7.2 Hz), 6.26 (d, 0.3H, J = 8.0 Hz), 5.26 
(d, 0.3H, J = 12.2 Hz), 5.18 (d, 0.7H, J = 12.2 Hz), 5.12 (d, 0.3H, J = 12.2 Hz), 5.03 (d, 0.7H, J = 12.2 Hz), 
5.00 (dd, 0.7H, J = 7.6, 7.6 Hz), 4.94 (dd, 0.7H, J = 7.4, 1.0 Hz), 4.92 (dd, 0.3H, J = 7.6, 7.6 Hz) 4.86–4.80 
(m, 1H), 4.65 (dd, 0.3H, J = 7.4, 1.4 Hz), 4.57 (dd, 0.3H, J = 9.6, 2.4 Hz), 4.53 (dd, 0.7H, J = 10.0, 2.4 Hz), 
3.76 (s, 0.9H), 3.55 (s, 2.1H), 3.28–3.15 (m, 1H), 2.78–2.70 (m, 1H), 0.83 (s, 6.3H), 0.81 (s, 2.7H), 0.02 (s, 
2.1H), –0.06 (s, 2.1H), –0.08 (s, 0.9H), –0.15 (s, 0.9H); 13C NMR (100 MHz, CDCl3): δ 171.9, 171.8, 154.3, 
154.0, 141.8, 141.5, 140.90, 140.85, 135.79, 135.75, 128.4, 128.2, 128.0, 118.1 (q, 1JC-F = 319 Hz), 110.24, 
110.23, 108.9, 108.7, 67.4, 67.2, 66.0, 64.7, 62.8, 62.0, 59.9, 59.4, 52.2, 52.0, 31.7, 30.7, 25.3, 25.2, 17.59, 
17.56, –5.0, –5.1, –5.47, –5.51; IR (neat, cm–1): 2954, 2931, 2857, 1751, 1714, 1429, 1407, 1345, 1252, 
1213, 1159, 1135, 1093, 952, 839, 780, 758; [α]D24 = –126 (c 1.06, CHCl3); HRMS (ESI+) m/z: calcd. for 
C25H32F3NNaO9SSi, 630.1411 [M++H]; found, 630.1398. 
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    A 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with enol lactone 148 (991 mg, 1.63 mmol), Pd(OAc)2 (73.2 
mg, 326 µmol), PPh3 (171 mg, 652 µmol), n-Bu3N (1.94 mL, 8.14 mmol), HCO2H (184 µL, 4.88 mmol), 
and dry DMF (16 mL). The resulting mixture was heated at 65 °C for 15 min, after which time TLC 
(hexanes-ethyl acetate = 4:1) indicated complete consumption of enol triflate 148. The reaction mixture was 
cooled to room temperature and diluted with ethyl acetate. The resulting mixture was washed with 1 M 
aqueous HCl, water three times and brine. The organic layer was dried over anhydrous sodium sulfate, 
filtered and the filtrate was concentrated under reduced pressure to give a crude material, which was purified 
by silica gel column chromatography (hexanes-ethyl acetate = 5:1) to afford dihydrooxepine 149 (707 mg, 
1.54 mmol, 94%) as a pale yellow oil. Rf = 0.36 (hexanes-ethyl acetate = 4:1); 1H NMR (400 MHz, CDCl3): 
δ 7.39–7.25 (m, 5H), 6.35–6.30 (m, 1H), 6.27 (d, 0.7H, J = 8.0 Hz), 6.26 (d, 0.3H, J = 7.2 Hz), 5.24 (d, 0.3H, 
J = 12.4 Hz), 5.18 (d, 0.7H, J = 12.2 Hz), 5.14 (d, 0.3H, J = 12.4 Hz), 5.05–4.99 (m, 0.7H), 5.01 (d, 0.7H, J 
= 12.2 Hz), 4.83–4.66 (m, 2.3H), 4.49 (dd, 0.3H, J = 9.4, 3.8 Hz), 4.45 (dd, 0.7H, J = 9.4, 3.8 Hz), 3.74 (s, 
0.9H), 3.50 (s, 2.1H), 3.16–3.03 (m, 1H), 2.63–2.54 (m, 1H), 0.83 (s, 6.3H), 0.81 (s, 2.7H), 0.01 (s, 2.1H), 
–0.04 (s, 2.1H), –0.08 (s, 0.9H), –0.13 (s, 0.9H); 13C NMR (100 MHz, CDCl3): δ 172.8, 172.7, 154.8, 154.2, 
145.4, 145.1, 136.2, 135.2, 135.1, 128.5, 128.3, 128.2, 128.1, 128.0, 119.5, 117.9, 106.1, 105.7, 67.6, 67.3, 
67.0, 66.1, 64.8, 64.2, 60.4, 59.9, 52.3, 52.1, 33.0, 32.1, 25.7, 25.6, 17.91, 17.88, –4.5, –4.6, –4.98, –5.04; IR 
(neat, cm–1): 2953, 2928, 2855, 1751, 1714, 1639, 1407, 1342, 1254, 1203, 1170, 1142, 1113, 1085, 957, 
902, 836, 777, 697; [α]D26 = –253 (c 1.18, CHCl3); HRMS (ESI+) m/z: calcd. for C24H34NO6Si, 460.2150 




















45 °C, 1.3 h
91%  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
Cbz carbamate 149 (32.6 mg, 70.9 µmol), Pd(OAc)2 (3.2 mg, 14 µmol), Et3N (4.0 µL, 29 µmol), and dry 
CH2Cl2 (710 µL). The reaction mixture was stirred at 45 °C for 5 min, then added Et3SiH (56.6 µL, 354 
µmol) dropwise. The resulting mixture was stirred at 45 °C for 1.3 h, after which time TLC (hexanes-ethyl 
acetate = 2:1) indicated complete consumption of Cbz carbamate 149. The reaction mixture was cooled to 
room temperature and diluted with CH2Cl2 and saturated aqueous NaHCO3. The aqueous layer was extracted 
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with CH2Cl2 five times. The combined organic extracts were dried over anhydrous sodium sulfate, filtered 
and the filtrate was concentrated under reduced pressure to give a crude material, which was purified by 
preparative TLC (hexanes-ethyl acetate = 3:1) to afford amine 302 (21.1 mg, 64.8 µmol, 91%) as a pale 
yellow oil. Rf = 0.42 (hexanes-ethyl acetate = 3:1); 1H NMR (400 MHz, CDCl3): δ 6.40–6.31 (m, 1H), 6.24 
(d, 1H, J = 7.8 Hz), 4.79 (dd, 1H, J = 7.8, 7.8 Hz), 4.42 (dd, 1H, J = 7.8, 1.8 Hz), 4.20–4.11 (m, 1H), 4.00 
(dd, 1H, J = 6.9, 6.9 Hz), 3.73 (s, 3H), 2.83 (dddd, 1H, J = 14.9, 6.0, 2.0, 2.0 Hz), 2.64 (dddd, 1H, J = 14.9, 
6.9, 1.8, 1.8 Hz), 2.30 (brs, 1H), 0.87 (s, 9H), 0.08 (s, 3H), 0.06 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 
174.4, 145.1, 133.1, 120.0, 106.3, 70.1, 64.0, 59.9, 52.1, 36.2, 25.8, 18.1, –3.9, –4.5; IR (neat, cm–1): 3353, 
2953, 2928, 2886, 2855, 1740, 1688, 1643, 1344, 1314, 1250, 1201, 1167, 1139, 1117, 1092, 1046, 959, 836, 






















    A 10-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged with 
methyl ester 149 (115 mg, 250 µmol), THF (1.2 mL), and MeOH (1.2 mL). To the solution was added 2 M 
aqueous KOH (1.2 mL) dropwise at room temperature and the resulting mixture was stirred for 1.5 h, after 
which time TLC (hexanes-ethyl acetate = 2:1) indicated complete consumption of methyl ester 149. The 
reaction mixture was cooled to 0 °C and acidified with 1 M aqueous HCl .The resulting mixture was 
extracted with CH2Cl2 five times. The combined organic extracts were dried over anhydrous sodium sulfate, 
and filtered. The organic solvents were removed under reduced pressure to give the crude carboxylic acid 
245 (117 mg, quant) as a pale yellow oil, which was used in the next step without further purification. Rf = 
0.14 (hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.38–7.28 (m, 5H), 6.35–6.31 (m, 1H), 
6.27 (d, 0.6H, J = 8.0 Hz), 6.26 (d, 0.4H, J = 8.0 Hz), 5.25 (d, 0.3H, J = 12.4 Hz), 5.16 (d, 0.3H, J = 12.4 
Hz), 5.11 (s, 1.4H), 5.02 (dd, 0.6H, J = 7.8, 1.8 Hz), 4.82–4.73 (m, 2H), 4.68 (dd, 0.4H, J = 7.8, 7.8 Hz), 
4.55 (dd, 0.4H, J = 9.4, 3.0 Hz), 4.50 (dd, 0.6H, J = 9.8, 3.4 Hz), 3.22–3.07 (m, 1H), 2.73–2.60 (m, 1H), 
0.82 (s, 5.4H), 0.81 (s, 3.6H), 0.00 (s, 1.8H), –0.06 (s, 1.8H), –0.07 (s, 1.2H), –0.13 (s, 1.2H); 13C NMR 
(100 MHz, CDCl3): δ 178.4, 178.0, 155.1, 154.4, 145.4, 145.2, 136.1, 136.0, 135.42, 135.39, 128.6, 128.4, 
128.2, 128.0, 127.9, 119.6, 118.0, 106.1, 105.7, 67.6, 67.5, 67.2, 66.2, 64.9, 64.3, 60.5, 59.8, 32.9, 31.9, 
25.70, 25.68, 17.94, 17.93, –4.5, –4.6, –4.9, –5.0; IR (neat, cm–1): 3034, 2954, 2928, 2896, 2856, 1715, 1640, 
1411, 1353, 1254, 1142, 1086, 959, 903, 836, 777, 697; [α]D25 = –256 (c 2.53, CHCl3); HRMS (ESI+) m/z: 


































    A flame-dried 5-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an 
inlet adapter with three-way stopcock was charged with amine 302 (48.6 mg, 149 µmol) and dry CH2Cl2 
(900 µL). To the solution were added Et3N (209 µL, 1.50 mmol) and BOP-Cl (190 mg, 746 µmol). The 
resulting mixture was added dry CH2Cl2 (680 µL) solution of carboxylic acid 245 (117 mg, 250 µmol) 
dropwise over 15 min and stirred at room temperature for 1 day, after which time TLC (hexanes-ethyl 
acetate = 2:1) indicated complete consumption of amine 302. The reaction was quenched with saturated 
aqueous NaHCO3 and the aqueous layer was extracted with ethyl acetate five times. The combined organic 
extracts were dried over anhydrous sodium sulfate, filtered and the filtrate was concentrated under reduced 
pressure to give a crude material, which was purified by silica gel column chromatography (hexanes-diethyl 
ether = 2:1, then 3:2) to afford amide 304 (93.1 mg, 124 µmol, 83%) as a white solid. mp = 51.9–54.8 °C; Rf 
= 0.58 (hexanes-ethyl acetate = 2:1); 1H NMR (400 MHz, CDCl3): δ 7.39–7.22 (m, 5H), 6.40–6.20 (m, 4H), 
5.27–4.37 (m, 10H), 3.84 (s, 0.60H), 3.70 (s, 1.5H), 3.40 (s, 0.90H), 3.23–2.94 (m, 2H), 2.79–2.42 (m, 2H), 
0.88–0.78 (m, 18H), 0.15– –0.18 (m, 12H); 13C NMR (150 MHz, CDCl3): δ 172.23, 172.20, 172.1, 172.0, 
171.8, 171.7, 171.3, 171.0, 155.0, 154.9, 154.4, 154.2, 146.3, 145.5, 145.4, 145.3, 145.2, 145.1, 145.0, 137.1, 
136.9, 136.5, 136.3, 135.3, 135.2, 135.0, 134.91, 134.86, 134.82, 134.76, 134.5, 128.44, 128.42, 128.36, 
128.31, 128.27, 128.2, 128.1, 128.0, 127.8, 127.7, 127.4, 120.1, 120.0, 119.6, 119.4, 118.5, 118.40, 118.38, 
117.8, 106.1, 106.0, 105.9, 105.8, 105.7, 105.6, 105.0, 70.5, 69.6, 67.8, 67.7, 67.2, 67.1, 66.7, 66.6, 66.5, 
66.3, 66.21, 66.18, 66.0, 65.8, 65.6, 64.8, 64.7, 64.4, 64.3, 60.8, 60.6, 60.2, 60.1, 60.0, 59.8, 59.4, 59.2, 52.9, 
52.35, 52.31, 52.2, 34.1, 34.0, 32.8, 32.6, 32.0, 31.8, 31.6, 31.3, 25.84, 25.77, 25.7, 25.6, 17.98, 17.95, 17.92, 
17.88, –3.68, – 3.72, –4.0, –4.36, –4.38, –4.43, –4.48, –4.52, –4.6, –4.67, –4.70, –4.90, –4.93, –5.0, –5.1; IR 
(neat, cm–1): 2952, 2928, 2855, 1749, 1708, 1671, 1638, 1410, 1351, 1315, 1286, 1253, 1207, 1170, 1142, 
1086, 957, 899, 837, 804, 780, 753, 696; [α]D25 = –271 (c 1.90, CHCl3); HRMS (ESI+) m/z: calcd. for 

























45 °C, 2 h
78%
 
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
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Cbz carbamate 304 (58.4 mg, 77.6 µmol), Pd(OAc)2 (3.5 mg, 16 µmol), Et3N (4.4 µL, 32 µmol), and dry 
CH2Cl2 (780 µL). The reaction mixture was stirred at 45 °C for 5 min, then added Et3SiH (86.7 µL, 543 
µmol) dropwise. The resulting mixture was stirred at 45 °C for 2 h, after which time TLC (hexanes-ethyl 
acetate = 2:1) indicated complete consumption of Cbz carbamate 304. The reaction mixture was cooled to 
room temperature and diluted with CH2Cl2 and saturated aqueous NaHCO3. The aqueous layer was extracted 
with CH2Cl2 five times. The combined organic extracts were dried over anhydrous sodium sulfate, filtered 
and the filtrate was concentrated under reduced pressure to give a crude material, which was purified by 
preparative TLC (hexanes-ethyl acetate = 4:1) to afford diketopiperazine 305 (35.7 mg, 60.8 µmol, 78%) as 
a white solid. mp = 199–203 °C; Rf = 0.53 (hexanes-ethyl acetate = 2:1); 1H NMR (400 MHz, CDCl3): 
δ 6.47 (dd, 2H, J = 2.4, 2.4 Hz), 6.33 (d, 2H, J = 7.5 Hz), 5.00 (dd, 2H, J = 7.5, 1.6 Hz), 4.92 (dd, 2H, J = 
7.5, 7.5 Hz), 4.83–4.76 (m, 2H), 4.30 (dd, 2H, J = 10.6, 7.1 Hz), 2.98 (dd, 2H, J = 14.7, 7.1 Hz), 2.79 (dddd, 
2H, J = 14.7, 10.6, 2.0, 2.0 Hz), 0.83 (s, 9H), 0.03 (s, 3H), 0.01 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 
164.9, 145.2, 135.1, 112.7, 106.7, 66.5, 63.1, 59.2, 33.2, 25.8, 17.8, –4.2, –4.3; IR (neat, cm–1): 2952, 2927, 
2856, 1695, 1662, 1432, 1341, 1282, 1255, 1206, 1137, 1090, 957, 908, 836, 777; [α]D26 = –589 (c 0.780, 
















0 °C, 5 min
94% 307  
    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar and a 
rubber septum was charged with alcohol 306 (34.7 mg, 100 µmol) and dry CH2Cl2 (1.0 mL) under an Ar 
atmosphere. To the solution were added 2,6-lutidine (58.2 µL, 500 µmol) and TBSOTf (34.6 µL, 151 µmol) 
at 0 °C. The reaction mixture was stirred at 0 °C for 5 min, after which time TLC (hexanes-ethyl acetate = 
2:3) indicated complete consumption of alcohol 306. The reaction was quenched with 1 M aqueous HCl, and 
the aqueous layer was extracted with CH2Cl2 three times. The combined organic extracts were dried over 
anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by flash silica gel column chromatography (hexanes-ethyl acetate = 3:1) 
to afford TBS ether 307 (43.6 mg, 94.9 µmol, 94%) as a colorless oil. Rf = 0.46 (hexanes-ethyl acetate = 
2:1); 1H NMR (400 MHz, CDCl3): δ 7.44–7.23 (m, 5H), 6.38 (d, 1H, J = 1.6 Hz), 6.17 (dd, 1H, J = 8.2, 2.6 
Hz), 5.46–5.30 (m, 0.4H), 5.21–5.07 (m, 0.6H), 5.04–4.88 (m, 1H), 4.82–4.68 (m, 1H), 4.72 (dd, 1H, J = 8.2, 
1.4 Hz), 4.48–4.38 (m, 1H), 4.10–3.98 (m, 1H), 3.65 (s, 1.2H), 3.41 (s, 1.8H), 2.88–2.63 (m, 2H), 0.89 (s, 
9H), 0.06 (s, 3H), 0.02 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 172.6, 172.1, 156.2, 155.3, 140.1, 136.6, 
136.1, 128.5, 128.3, 128.1, 127.6, 127.4, 118.3, 117.3, 109.8, 71.2, 70.8, 67.1, 67.0, 65.4, 64.9, 60.5, 60.2, 
52.2, 52.1, 32.5, 31.8, 25.8, 18.3, –4.7, –4.9, –5.3, –5.4; IR (neat, cm–1): 2952, 2929, 2856, 1751, 1698, 1638, 
1402, 1329, 1229, 1139, 1098, 996, 838, 779; [α]D30 = –131 (c 2.18, CHCl3); HRMS (ESI+) m/z: calcd. for 





















45 °C, 2.3 h
48%  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
Cbz carbamate 307 (16.7 mg, 36.3 µmol), Pd(OAc)2 (1.6 mg, 7.1 µmol), Et3N (2.0 µL, 14 µmol), and dry 
CH2Cl2 (363 µL). The reaction mixture was stirred at 45 °C for 5 min, then added Et3SiH (29.0 µL, 182 
µmol) dropwise. Since TLC (hexanes-ethyl acetate = 2:1) indicated incomplete consumption of Cbz 
carbamate 307 after 1.5 hour, to the mixture were added Et3SiH (29.0 µL, 182 µmol), Pd(OAc)2 (8.0 mg, 36 
µmol), and Et3N (10 µL, 72 µmol). The resulting mixture was stirred for another 45 min, after which time 
TLC (hexanes-ethyl acetate = 2:1) indicated complete consumption of Cbz carbamate 307. The reaction 
mixture was cooled to room temperature and diluted with CH2Cl2 and saturated aqueous NaHCO3. The 
aqueous layer was extracted with CH2Cl2 five times. The combined organic extracts were dried over 
anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 8:1) to afford amine 308 
(5.71 mg, 17.5 µmol, 48%) as a colorless oil. Rf = 0.58 (hexanes-ethyl acetate = 2:1); 1H NMR (400 MHz, 
CDCl3): δ 6.35 (ddd, 1H, J = 2.0, 2.0, 2.0 Hz), 6.09 (dd, 1H, J = 8.4, 2.0 Hz), 4.59 (dd, 1H, J = 8.4, 1.6 Hz), 
4.05 (ddd, 1H, J = 7.2, 2.0, 2.0 Hz), 3.97–3.87 (m, 1H), 3.83 (dd, 1H, J = 7.2, 4.8 Hz), 3.73 (s, 3H), 2.79 
(dddd, 1H, J = 15.2, 7.2, 2.0, 2.0 Hz), 2.70 (dddd, 1H, J = 15.2, 4.8, 2.0, 2.0 Hz), 0.93 (s, 9H), 0.13 (s, 6H); 
13C NMR (100 MHz, CDCl3): δ 174.9, 138.8, 135.6, 116.4, 109.7, 71.1, 64.6, 58.3, 52.1, 33.5, 25.9, 18.2, 
–4.4, –4.6; IR (neat, cm–1): 3364, 2953, 2929, 2856, 1739, 1688, 1649, 1472, 1362, 1252, 1200, 1157, 1102, 
1075, 1003, 883, 836, 730, 668; [α]D31 = –105 (c 0.571, CHCl3); HRMS (ESI+) m/z: calcd. for C16H28NO4Si, 
326.1782 [M++H]; found, 326.1773. 
 
(2S,8S,8aS)-1-((Benzyloxy)carbonyl)-8-((tert-butyldimethylsilyl)oxy)-2,3,8,8a-tetrahydro-1H-oxepino 



















    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
methyl ester 307 (15.4 mg, 33.5 µmol), THF (160 µL), and MeOH (160 µL). To the solution was added 2 M 
aqueous KOH (160 µL) dropwise at room temperature and the resulting mixture was stirred for 11 h, after 
which time TLC (hexanes-ethyl acetate = 2:1) indicated complete consumption of methyl ester 307. The 
reaction mixture was cooled to 0 °C and acidified with 1 M aqueous HCl. The resulting mixture was 
extracted with CH2Cl2 five times. The combined organic extracts were dried over anhydrous sodium sulfate, 
and filtered. The organic solvents were removed under reduced pressure to give the crude carboxylic acid 
































    A flame-dried 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
amine 308 (9.9 mg, 30 µmol) and dry CH2Cl2 (200 µL). To the solution were added Et3N (42.7 µL, 304 
µmol) and BOP-Cl (38.7 mg, 152 µmol). To the mixture was added dry CH2Cl2 (100 µL) solution of 
carboxylic acid 309 (26.3 mg, 59 µmol) and the resulting mixture was stirred at room temperature for 2.5 
days. The reaction mixture was treated with saturated aqueous NaHCO3 and the aqueous layer was extracted 
with ethyl acetate five times. The combined organic extracts were dried over anhydrous sodium sulfate and 
filtered, and the filtrate was concentrated under reduced pressure to give a crude material, which was 
purified by preparative TLC (hexanes-ethyl acetate = 5:1) to afford the starting amine 308 (8.0 mg, 25 µmol, 
81%) as a colorless oil and amide 310 (3.7 mg, 4.9 µmol, 16%) as a white solid. Rf = 0.49 (hexanes-ethyl 
acetate = 3:2); 1H NMR (600 MHz, CDCl3): δ 7.43 (d, 2H, J = 7.8 Hz), 7.29 (dd, 2H, J = 7.8, 7.8 Hz), 7.22 
(t, 1H, J = 7.8 Hz), 6.45 (br s, 1H), 6.36 (br s, 1H), 6.27 (dd, 1H, J = 8.4, 1.2 Hz), 6.15 (dd, 1H, J = 8.4, 2.1 
Hz), 5.49 (d, 1H, J = 9.0 Hz), 5.24 (d, 1H, J = 13.5 Hz), 5.03 (d, 1H, J = 13.5 Hz), 4.81 (d, 1H, J = 8.4 Hz), 
4.74 (d, 1H, J = 8.4 Hz), 4.69 (d, 2H, J = 9.0 Hz), 4.49 (d, 1H, J = 8.4 Hz), 4.13 (d, 1H, J = 7.8 Hz), 3.99 (d, 
1H, J = 8.4 Hz), 3.67 (s, 3H), 2.89 (d, 1H, J = 16.2 Hz), 2.81 (dd, 1H, J = 16.2, 9.6 Hz), 2.72 (dd, 1H, J = 
16.2, 9.0 Hz), 2.57 (d, 1H, J = 16.2 Hz), 0.96 (s, 9H) , 0.83 (s, 9H) , 0.28 (s, 3H) , 0.21 (s, 3H), 0.05 (s, 3H), 
–0.03 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 173.8, 172.5, 156.7, 141.1, 140.4, 137.0, 136.9, 135.9, 128.0, 
127.0, 120.0, 119.5, 110.4, 110.0, 71.5, 71.0, 66.8, 66.4, 65.3, 61.5, 61.4, 52.3, 29.9, 29.8, 29.7, 26.8, 25.9, 
19.0, 18.4, –4.0, –4.6, –5.1, –5.3; IR (neat, cm–1): 2953, 2928, 2856, 1747, 1714, 1668, 1636, 1397, 1328, 
1287, 1257, 1212, 1145, 1095, 883, 838, 783, 754; [α]D24 = –135 (c 0.358, CHCl3); HRMS (ESI+) m/z: calcd. 

























45 °C, 4 h
Et3N
CH2Cl2
45 °C, 10 h
19% (2 steps)
 
    A 7-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with Cbz 
carbamate 310 (3.58 mg, 4.75 µmol), Pd(OAc)2 (5.3 mg, 24 µmol), Et3N (6.6 µL, 47 µmol), and dry CH2Cl2 
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(150 µL). The reaction mixture was stirred at 45 °C for 5 min. To the mixture was added Et3SiH (22.8 µL, 
143 µmol) dropwise. The resulting mixture was stirred at 45 °C for 3 h, after which time TLC 
(hexanes-ethyl acetate = 3:2) indicated incomplete consumption of Cbz carbamate 310. To the mixture were 
added additional Pd(OAc)2 (5.3 mg, 24 µmol), Et3N (6.6 µL, 47 µmol), and Et3SiH (22.8 µL, 143 µmol). 
After another an hour, the reaction mixture was cooled to room temperature, and diluted with CH2Cl2 and 
saturated aqueous NaHCO3. The aqueous layer was extracted with CH2Cl2 five times. The combined organic 
extracts were dried over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under 
reduced pressure to give a crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 
3:1) to afford amine (1.4 mg) as a colorless oil.  
    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with the amine (1.4 
mg), Et3N (10.0 µL, 71.7 µmol), and CH2Cl2 (80 µL). The resulting mixture was stirred at 45 °C for 10 h. 
The reaction mixture was cooled to room temperature and purified by preparative TLC (hexanes-ethyl 
acetate = 3:2) to afford diketopiperazine 311 (0.54 mg) as a white solid. Rf = 0.53 (hexanes-ethyl acetate = 
2:1); 1H NMR (600 MHz, CDCl3): δ 6.48 (s, 2H), 6.15 (dd, 2H, J = 8.3, 2.1 Hz), 5.09 (d, 2H, J = 6.6 Hz), 
4.75 (dd, 2H, J = 8.3, 1.2 Hz), 4.27–4.19 (m, 4H), 3.00 (dd, 2H, J = 15.3, 6.9 Hz), 2.78–2.71 (m, 2H), 0.90 
(s, 18H), 0.09 (s, 6H), 0.03 (s, 6H); 13C NMR (150 MHz, CDCl3): δ 163.4, 138.6, 137.0, 112.5, 110.1, 69.2, 
62.8, 58.1, 35.4, 25.7, 18.0, –4.6, –4.7; IR (neat, cm–1): 2925, 2852, 1670, 1417, 1335, 1283, 1128, 1092, 
887, 872, 834; [α]D27 = –450 (c 0.054, CHCl3); HRMS (ESI+) m/z: calcd. for C30H46N2NaO6Si2, 609.2787 
[M++Na]; found, 609.2799. 
 




















    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
TBS ether 149 (27.0 mg, 58.7 µmol) and TBAF in THF (1 M, 352 µL, 0.35 mmol). The solution was stirred 
at room temperature for 7 h, after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete 
consumption of TBS ether 149. The reaction mixture was treated with saturated aqueous NH4Cl and the 
aqueous layer was extracted with ethyl acetate five times. The combined organic extracts were passed 
through a plug of silica gel using ethyl acetate as an eluent and the filtrate was concentrated under reduced 
pressure to give a crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 1:2) to 
afford alcohol 313 (14.5 mg, 42.0 µmol, 71%) as a colorless oil. Rf = 0.42 (hexanes-ethyl acetate = 1:2); 1H 
NMR (600 MHz, CDCl3): δ 7.39–7.28 (m, 5H), 6.41–6.37 (m, 1H), 6.35–6.31 (m, 1H), 5.24–5.16 (m, 1.3H), 
5.10–5.03 (m, 0.7H), 4.99 (d, 0.7H, J = 12.0 Hz), 4.95 (dd, 0.7H, J = 7.8, 7.8 Hz), 4.89–4.78 (m, 1.6H), 4.58 
(dd, 0.3H, J = 8.7, 3.3 Hz), 4.56 (dd, 0.7H, J = 9.6, 3.0 Hz), 3.73 (s, 0.9H), 3.50 (s, 2.1H), 3.18–3.06 (m, 
1H), 2.66–2.59 (m, 1H), 1.87 (br s, 1H); 13C NMR (150 MHz, CDCl3): δ 172.7, 172.5, 155.2, 154.8, 146.0, 
145.8, 136.1, 136.0, 135.95, 128.6, 128.4, 128.1, 127.8, 119.1, 117.8, 105.0, 104.7, 67.5, 67.3, 67.0, 65.8, 
64.9, 64.1, 60.6, 60.2, 52.4, 52.2, 32.7, 32.0; IR (neat, cm–1): 3461, 3032, 2953, 1747, 1709, 1641, 1411, 
 90 
1348, 1287, 1205, 1169, 1141, 1117, 1065, 1012, 977, 846, 749, 698 ; [α]D24 = –284 (c 1.21, CHCl3); 
HRMS (ESI+) m/z: calcd. for C18H19NNaO6, 368.1105 [M++Na]; found, 368.1104. 
 





















    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with alcohol 313 
(2.9 mg, 8.4 µmol), AcOH (0.7 µL, 12 µmol), PMe3 in toluene (1.0 M, 12.6 µL, 13 µmol), and dry toluene 
(10 mL). To the solution was added DEAD in toluene (2.2 M, 5.7 µL, 13 µmol) and the resulting mixture 
was stirred at room temperature for 20 min, after which time TLC (hexanes-ethyl acetate = 1:1) indicated 
complete consumption of alcohol 313. The reaction mixture was directly charged onto preparative TLC 
(hexanes-ethyl acetate = 1:1) to afford cyclic acetal 314 (ca. 2.6 mg, ca. 6.7 µmol, ca. 80%) as ca. 2.3:1 
mixture of diastereomers as a colorless oil.* Rf = 0.42 (hexanes-ethyl acetate = 2:1); 1H NMR (400 MHz, 
CDCl3): δ 7.40–7.28 (m, 5H), 6.77–6.68 (m, 0.7H), 6.43–6.33 (m, 0.7H), 6.33–6.28 (m, 0.2H), 6.24–6.18 (m, 
0.4H), 6.18–6.09 (m, 1H), 5.70 (br s, 0.2H), 5.61–5.52 (m, 0.8H), 5.42 (ddd, 0.4H, J = 11.2, 3.2, 3.2 Hz), 
5.34 (ddd, 0.3H, J = 11.2, 3.2, 3.2 Hz), 5.29–5.14 (m, 1.6H), 5.04 (d, 0.7H, J = 12.8 Hz), 4.58–4.46 (m, 1H), 
3.75 (s, 0.3H), 3.73 (s, 0.9H), 3.51 (s, 1.2H), 3.50 (s, 0.6H), 3.09–2.87 (m, 1H), 2.71–2.57 (m, 1H), 










































    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
                                                
* 文献既知の類似化合物 S4 の 1H NMR において、アセタールα位のプロトンのシグナルが 6.82 ppm











alcohol 313 (18.5 mg, 53.6 µmol), PMe3 (1.0 M in toluene, 322 µL, 322 µmol), and dry THF (280 µL). To 
the solution was added ArSeCN (24.3 mg, 107 µmol) and the resulting mixture was stirred at room 
temperature for 10 min, after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption 
of alcohol 313. The reaction mixture was treated with 2 M aqueous NaOH at 0 °C and the aqueous layer was 
extracted with CH2Cl2 four times. The combined organic extracts were dried over anhydrous sodium sulfate 
and filtered, and the filtrate was concentrated under reduced pressure to give a crude selenide 323. To the 
crude selenide 323 was added dry THF (280 µL) and the solution was cooled to 0 °C. To the solution was 
added m-CPBA (18.5 mg, 107 µmol) and the resulting mixture was stirred at 0 °C for 40 min, after which 
time TLC (hexanes-ethyl acetate = 2:3) indicated complete consumption of 323. The reaction mixture was 
treated with saturated aqueous Na2SO3 at 0 °C and the aqueous layer was extracted with CH2Cl2 four times. 
The combined organic extracts were washed with 2 M aqueous NaOH and dried over anhydrous sodium 
sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a crude material, which 
was purified by preparative TLC (CHCl3, then hexanes-ethyl acetate = 1:1) to afford undesired alcohol 313 
(5.2 mg, 15 µmol, 28%) as a colorless oil and desired alcohol 306 (1.4 mg, 4.1 µmol, 8%) as a pale yellow 
oil. 
 





















    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with alcohol 313 
(2.5 mg, 7.2 µmol) and dry CH2Cl2 (ca. 50 µL). To the mixture were added nor-AZADO (<0.1 mg) and 
PhI(OAc)2 (2.6 mg, 8.1 µmol). The reaction mixture was stirred at room temperature for 1.5 h, after which 
time TLC (hexanes-ethyl acetate = 1:2) indicated complete consumption of alcohol 313. The reaction 
mixture was treated with saturated aqueous Na2S2O3 and the aqueous layer was extracted with CH2Cl2 five 
times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered, and the filtrate 
was concentrated under reduced pressure to give a crude material, which was purified by preparative TLC 
(hexanes-ethyl acetate = 1:1) to afford vinylogous lactone 325 (2.4 mg, 7.0 µmol, 97%) as a white solid. Rf = 
0.54 (hexanes-ethyl acetate = 1:2); 1H NMR (400 MHz, CDCl3): δ 7.45–7.25 (m, 5H), 7.06–6.98 (m, 1H), 
6.78–6.70 (m, 1H), 5.62 (d, 0.5H, J = 8.0 Hz), 5.55 (d, 0.5H, J = 7.6 Hz), 5.29 (d, 0.5H, J = 12.0 Hz), 
5.25–5.14 (m, 2H), 5.05 (d, 0.5H, J = 12.0 Hz), 4.68–4.60 (m, 1H), 3.78 (s, 1.5H), 3.52 (s, 1.5H), 3.09–2.94 
(m, 1H), 2.84–2.75 (m, 1H); 13C NMR (150 MHz, CDCl3): δ 181.43, 181.38. 172.1, 171.9, 155.0, 154.5, 
154.0, 153.8, 137.3, 137.2, 136.1, 136.0, 128.41, 128.35, 128.2, 128.1, 127.9, 127.6, 118.4, 117.4, 107.9, 
107.6, 69.0, 68.4, 67.7, 67.6, 60.1, 59.9, 52.6, 52.3, 31.2, 30.3; IR (neat, cm–1): 2954, 1747, 1716, 1697, 
1600, 1439, 1408, 1347, 1284, 1207, 1178, 1125, 1013, 755, 698; [α]D24 = –99.1 (c 1.18, CHCl3); HRMS 





























    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
TBS ether 305 (25.6 mg, 43.6 µmol) and TBAF (1 M THF solution, 262 µL, 0.26 mmol). The solution was 
stirred at room temperature for 9 h, after which time TLC (ethyl acetate) indicated complete consumption of 
TBS ether 305 and the mono TBS ether intermediacy. The reaction was quenched with saturated aqueous 
NH4Cl and the aqueous layer was extracted with ethyl acetate five times. The combined organic extracts 
were dried over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced 
pressure to give a crude material, which was purified by preparative TLC (ethyl acetate, developed more 
than three times) to afford diol 312 (11.6 mg, 32.4 µmol, 74%) as a white solid. mp = 245–254 °C 
(decomposition); Rf = 0.21 (CH2Cl2-MeOH = 10:1); 1H NMR (400 MHz, CDCl3 + two drops of CD3OD): 
δ 6.62–6.52 (m, 2H), 6.39 (d, 2H, J = 8.0 Hz), 5.08 (dd, 2H, J = 8.0, 8.0 Hz), 4.99–4.83 (m, 4H), 4.52 (dd, 
2H, J = 10.6, 7.0 Hz), 3.03 (dd, 2H, J = 15.2, 6.8 Hz), 2.91–2.74 (m, 2H), 1.80 (d, 2H, J = 7.2 Hz); 13C 
NMR (150 MHz, CDCl3 + two drops of CD3OD): δ 164.9, 145.3, 135.8, 113.4, 105.5, 65.9, 62.6, 59.4, 32.8; 
IR (neat, cm–1): 3420, 3298, 2928, 2907, 1650, 1634, 1444, 1430, 1286, 1200, 1130, 1066, 851, 771, 603; 































    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
diol 312 (11.9 mg, 33.2 µmol), nor-AZADO (0.3 mg, 2 µmol), and dry CH2Cl2 (664 µL). To the suspension 
was added PhI(OAc)2 (12.8 mg, 39.7 µmol) and the reaction mixture was stirred at room temperature. To the 
reaction mixture was added additional PhI(OAc)2 after 50 min (12.8 mg, 39.7 µmol) and 1.5 h (12.8 mg, 
39.7 µmol), respectively. Since TLC (CH2Cl2-MeOH = 20:1, developed twice) indicated incomplete 
consumption of diol 312 after an hour, Nor-AZADO (0.8 mg, 6 µmol) was added to the test tube. The 
mixture was stirred for another 5 min, after which time TLC (CH2Cl2-MeOH = 20:1, developed twice) 
indicated complete consumption of diol 312. The reaction mixture was treated with saturated aqueous 
Na2S2O3 and the aqueous layer was extracted with CH2Cl2 five times. The combined organic extracts were 
dried over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to 
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give a crude material, which was purified by silica gel column chromatography (CH2Cl2-MeOH = 30:1) to 
afford vinylogous lactone 324 (11.0 mg, 31.0 µmol, 93%) as a white solid. mp = 252–255 °C 
(decomposition); Rf = 0.41 (CH2Cl2-MeOH = 10:1); 1H NMR (400 MHz, CDCl3): δ 7.05 (d, 2H, J = 7.8 Hz), 
6.87–6.83 (m, 2H), 5.67 (d, 2H, J = 7.8 Hz), 5.45 (d, 2H, J = 2.0 Hz), 4.56 (dd, 2H, J = 9.0, 9.0 Hz), 
3.18–4.03 (m, 4H); 13C NMR (150 MHz, CDCl3): δ 179.9, 164.8, 153.5, 138.1, 115.8, 108.0, 67.0, 58.7, 
31.2; IR (neat, cm–1): 2917, 2850, 1682, 1655, 1594, 1455, 1328, 1288, 1280, 1212, 1077, 820, 794, 584; 



























–78 °C, 3 h
69% 144  
    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with vinylogous lactone 324 (23.4 mg, 66.0 µmol) and dry 
CH2Cl2 (3.1 mL). The suspension was added CeCl3·7H2O in EtOH (0.73 M, 468 µL, 0.34 mmol) and diluted 
with dry CH2Cl2 (2.8 mL), then cooled to –78 °C. After 20 min, to the mixture was added NaBH4 in EtOH 
(0.87 M, 62 µL, 54 µmol) and the resulting mixture was stirred at –78 °C. The reaction mixture was added 
additional NaBH4 in EtOH after 1 h (0.87 M, 62 µL, 54 µmol), 2 h (0.87 M, 30 µL, 26 µmol), and 2.3 h 
(0.87 M, 60 µL, 52 µmol), respectively. After another 20 min, the reaction was quenched with H2O and the 
mixture was allowed to warm to room temperature. The aqueous layer was extracted with ethyl acetate five 
times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered, and the filtrate 
was concentrated under reduced pressure to give a crude material, which was purified by preparative TLC 
(CH2Cl2-MeOH = 20:1, developed three times) to afford known diol 144 (16.3 mg, 45.5 µmol, 69%) as a 
white solid. mp = 238–241 °C (decomposition); Rf = 0.40 (CH2Cl2-MeOH = 10:1); 1H NMR (400 MHz, 
CDCl3): δ 6.53 (dd, 2H, J = 2.2, 2.2 Hz), 6.19 (dd, 2H, J = 8.4, 1.6 Hz), 5.07 (d, 2H, J = 4.4 Hz), 4.96–4.90 
(m, 2H), 4.88 (dd, 2H, J = 8.4, 2.0 Hz), 4.47 (dd, 2H, J = 11.1, 6.9 Hz), 4.39–4.33 (m, 2H), 3.02 (dd, 2H, J = 
15.2, 6.9 Hz), 2.85 (dddd, 2H, J = 15.2, 11.1, 2.2, 2.2 Hz); 13C NMR (100 MHz, CDCl3): δ 167.1, 138.3, 
137.9, 110.4, 109.6, 71.0, 64.1, 57.8, 33.9; IR (neat, cm–1): 3361, 2918, 2849, 1654, 1456, 1285, 1129, 1043, 
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83% (3 steps) 9% (3 steps)  
    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged with 
TBS ether 305 (297 mg, 0.506 mmol), THF (700 µL), and TBAF (1 M THF solution, 2.02 mL, 2.0 mmol). 
The solution was stirred at room temperature for 7 h, after which time TLC (ethyl acetate) indicated 
complete consumption of TBS ether 305 and the mono TBS ether intermediacy. The reaction mixture was 
passed through a short pad of silica gel (ethyl acetate-MeOH = 12:1, then 8:1). The filtrate was concentrated 
under reduced pressure to give a crude material, which was used in the next step without further purification. 
    A 100-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with the above described crude diol, nor-AZADO (4.2 mg, 30 
µmol), and dry CH2Cl2 (17.3 mL). To the suspension was added PhI(OAc)2 (244 mg, 758 µmol), and the 
reaction mixture was stirred at room temperature. To the reaction mixture were added additional PhI(OAc)2 
(163 mg, 506 µmol) and nor-AZADO (2.1 mg, 15 µmol) after 50 min. Since TLC (CH2Cl2-MeOH = 20:1, 
developed twice) indicated incomplete consumption of diol 312 after additional 4.4 h, PhI(OAc)2 (145 mg, 
450 µmol) and nor-AZADO (2.1 mg, 15 µmol) were added to the flask. The mixture was stirred for 
additional 6.5 h, after which time TLC (CH2Cl2-MeOH = 20:1, developed twice) indicated complete 
consumption of diol 312. The reaction mixture was treated with saturated aqueous Na2S2O3, and the aqueous 
layer was extracted with CH2Cl2 five times. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by silica gel column chromatography (CH2Cl2-MeOH = 30:1) to afford vinylogous 
lactone 324.  
   A 200-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with the above described vinylogous lactone 324 and CH2Cl2 
(24.3 mL). To the suspension was added CeCl3·7H2O in EtOH (0.74 M, 3.5 mL, 2.6 mmol), and the 
resulting mixture was diluted with CH2Cl2 (21.7 mL), then cooled to –78 °C. After 40 min, to the mixture 
was added NaBH4 in EtOH (0.88 M, 470 µL, 0.42 mmol), and the resulting mixture was stirred at –78 °C. 
The reaction mixture was added additional NaBH4 in EtOH after 1 h (0.88 M, 470 µL, 0.42 mmol) and 2 h 
(0.88 M, 1.0 mL, 0.88 mmol), respectively. After additional 1.5 h, the reaction was quenched with H2O, and 
the mixture was allowed to warm to room temperature. The aqueous layer was extracted with ethyl acetate 
five times. The combined organic extracts were dried over anhydrous sodium sulfate and filtered, and the 
filtrate was concentrated under reduced pressure to give a crude material, which was purified by silica gel 
column chromatography (CH2Cl2-MeOH = 20:1) to afford known diol 144 (150.9 mg, 0.421 mmol, 83% 
over 3 steps) as a white solid and epi-144 (15.5 mg, 43.3 µmol, 9% over 3 steps) as a pale brown solid.  
epi-144. Rf = 0.49 (CH2Cl2-MeOH = 10:1); 1H NMR (400 MHz, CDCl3): δ 6.58 (dd, 1H, J = 2.0, 2.0 Hz), 
6.52 (dd, 1H, J = 2.0, 2.0 Hz), 6.40 (d, 1H, J = 7.6 Hz), 6.18 (dd, 1H, J = 8.0, 2.4 Hz), 5.25 (d, 1H, J = 4.0 
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Hz), 5.08 (dd, 1H, J = 8.0, 8.0 Hz), 4.97–4.88 (m, 3H), 4.86 (dd, 1H, J = 8.2, 1.8 Hz), 4.59 (ddd, 1H, J = 
11.2, 7.0, 2.4 Hz), 4.41 (ddd, 1H, J = 11.2, 7.2, 2.4 Hz), 4.35 (d, 1H, J = 8.0 Hz), 3.06 (dd, 1H, J = 11.2, 7.2 
Hz), 2.98 (dd, 1H, J = 11.2, 7.2 Hz), 2.91–2.76 (m, 2H), 1.77 (brs, 1H); 13C NMR (100 MHz, CDCl3 + two 
drops of CD3OD): δ 167.8, 164.1, 145.3, 138.5, 137.6, 136.1, 113.0, 110.4, 109.9, 105.5, 70.7, 65.9, 63.8, 
62.7, 59.2, 58.0, 33.6, 32.9; IR (neat, cm–1): 3392, 3011, 2922, 1691, 1656, 1442, 1336, 1287, 1205, 1131, 
1058, 863, 809, 753, 666, 569; [α]D25 = –579 (c 0.707, CHCl3); HRMS (ESI+) m/z: calcd. for C18H18N2NaO6, 
381.1057 [M++Na]; found, 381.1048. 
 


























    A flame-dried 10-mL test-tube equipped with a Teflon-coated magnetic stirring bar and a rubber 
septum was charged with diol 144 (5.0 mg, 14 µmol), dry THF (560 µL), and dry Et2O (280 µL) under an Ar 
atmosphere. On the other hand, a flame-dried 7-mL test-tube equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum was charged with S8 (16.6 mg, 64.7 µmol) and dry Et2O (280 µL) under an 
Ar atmosphere. To the mixture was added LiHMDS in THF (1.0 M, 280 µL, 0.28 mmol) over two minutes. 
After stirring for one minute, the resulting solution was added to the above described solution of diol 144 
over 2 min. The resulting solution was stirred at room temperature for 10 min. To the test-tube was added 
additional LiHMDS in THF (1.0 M, 280 µL, 0.28 mmol), and the solution was stirred for another 35 min. 
The reaction was quenched with saturated aqueous NH4Cl, and the pH of the resulting suspension was 
adjusted to pH 4~5 by the addition of 1 M aqueous HCl. The aqueous layer was extracted with ethyl acetate 
five times. The combined organic layers were dried over anhydrous sodium sulfate and filtered, and the 
filtrate was concentrated under reduced pressure to give a crude material, which was purified by preparative 
TLC (hexanes-ethyl acetate = 3:2) to afford epitetrathiodiketopiperazine 145 (2.7 mg, 5.6 µmol, 40% yield) 
as a yellow solid. mp = 223–235 °C (decomposition); Rf = 0.41 (hexanes-ethyl acetate = 3:2); 1H NMR (400 
MHz, CDCl3): δ 6.54 (s, 2H), 6.21 (dd, 2H, J = 8.2, 1.8 Hz), 5.02 (d, 2H, J = 6.8 Hz), 4.92 (d, 2H, J = 8.2 
Hz), 4.71 (d, 2H, J = 4.4 Hz), 4.50–4.42 (m, 2H), 3.28 (d, 2H, J = 16.2 Hz), 3.03 (d, 2H, J = 16.2 Hz); 13C 
NMR (100 MHz, CDCl3): δ 169.5, 139.0, 138.0, 110.5, 106.5, 74.6, 71.4, 65.5, 41.2; IR (neat, cm–1): 3395, 
2925, 2856, 1685, 1655, 1395, 1340, 1194, 1136, 1081, 1043, 746; [α]D31 = –601 (c 0.133, CHCl3); HRMS 






























    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
epitetrathiodiketopiperazine 145 (5.3 mg, 11 µmol), pyridine (550 µL), and Ac2O (30.9 µL, 327 µmol). To 
the solution was added DMAP (1.3 mg, 11 µmol), and the reaction mixture was stirred at room temperature 
for 3.2 h, after which time TLC (hexanes-ethyl acetate = 2:1, developed twice) indicated complete 
consumption of diol 145. The reaction mixture was diluted with ethyl acetate. The resulting mixture was 
washed with 1 M aqueous HCl, water, and saturated aqueous NaHCO3. The organic layer was dried over 
anhydrous sodium sulfate, filtered, and the filtrate was concentrated under reduced pressure to afford 
diacetate 326 (6.0 mg, 11 µmol, 96% yield) as a yellow solid. mp = 205 °C (decomposition); Rf = 0.32 
(hexanes-ethyl acetate = 3:2); 1H NMR (400 MHz, CDCl3): δ 6.57 (dd, 2H, J = 2.2, 2.2 Hz), 6.27 (dd, 2H, J 
= 8.4, 2.4 Hz), 5.35–5.27 (m, 2H), 5.20 (ddd, 2H, J = 8.4, 2.2, 2.2 Hz), 4.70 (dd, 2H, J = 8.4, 2.0 Hz), 3.36 
(ddd, 2H, J = 16.6, 2.2, 2.2 Hz), 3.07 (d, 2H, J = 16.6 Hz), 2.18 (s, 6H); 13C NMR (100 MHz, CDCl3): δ 
170.4, 165.8, 139.7, 138.7, 108.0, 106.0, 75.7, 71.1, 60.8, 41.7, 21.5; IR (neat, cm–1): 2931, 2849, 1738, 
1692, 1370, 1341, 1302, 1237, 1186, 1137, 1034, 749, 667; [α]D30 = –506 (c 0.103, CHCl3); HRMS (ESI+) 

























40% (–)-Acetylaranotin (1)326  
    A 30-mL round-bottomed flask was charged with diacetate 326 (2.3 mg, 4.0 µmol), CH2Cl2 (0.5 mL), 
and MeCN (11.5 mL), then treated with a solution of Et3N in MeCN (0.2 µL, 1.4 µmol in 50 µL of MeCN), 
followed by propanedithiol (41 µL, 0.41 mmol). The resulting mixture was allowed to stand for 20 min, then 
washed with hexanes five times (5 x 8 mL). The final hexanes wash was back-extracted with MeCN once. 
The combined organic layers were concentrated under reduced pressure to give the crude dithiol 
intermediacy, which was purified by a short pad of silica gel (hexanes-ethyl acetate = 4:1 to 100% ethyl 
acetate, gradient). The ethyl acetate fractions (~25 mL total) were combined and diluted with ethyl acetate 
(10 mL) and MeOH (70 mL), and the resulting solution was sparged with O2 for 15 min, then allowed to 
stand under an O2 atmosphere for 12 h. The solution was concentrated under reduced pressure to give a 
crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 1:1) to afford 
(–)-acetylaranotin (1) (0.81 mg, 1.6 µmol, 40%) as a white solid. Rf = 0.31 (hexanes-ethyl acetate = 1:1); 1H 
NMR (400 MHz, CDCl3): δ 6.62 (ddd, 2H, J = 2.0, 1.9, 1.8 Hz), 6.30 (dd, 2H, J = 8.3, 2.1 Hz), 5.67 (ddd, 
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2H, J = 8.5, 2.1, 2.0 Hz), 5.15–5.05 (m, 2H), 4.60 (dd, 2H, J = 8.3, 2.0 Hz), 4.11 (ddd, 2H, J = 18.3, 1.9, 1.8 
Hz), 2.98 (ddd, 2H, J = 18.3, 1.8, 1.5 Hz), 2.02 (s, 6H); 1H NMR (400 MHz, DMSO-d6): δ 6.82 (ddd, 2H, J 
= 2.1, 2.0, 1.9 Hz), 6.45 (dd, 2H, J = 8.3, 2.1 Hz), 5.42 (ddd, 2H, J = 8.8, 2.1, 2.0 Hz), 5.02 (dd, 2H, J = 8.8, 
2.0 Hz), 4.60 (dd, 2H, J = 8.3, 2.0 Hz), 3.86 (ddd, 2H, J = 18.5, 2.0, 1.8 Hz), 3.23 (ddd, 2H, J = 18.5, 1.9, 
1.7 Hz), 1.90 (s, 6H); 13C NMR (150 MHz, CDCl3): δ 169.9, 162.5, 141.1, 139.2, 113.2, 105.3, 75.8, 69.8, 
63.0, 34.2, 20.9; 13C NMR (150 MHz, DMSO-d6): δ 169.7, 162.3, 141.6, 139.2, 114.0, 105.5, 76.4, 70.0, 
63.0, 34.1, 21.2; IR (neat, cm–1): 2921, 2852, 1743, 1716, 1651, 1542, 1371, 1235, 1140, 1030; [α]D30 = 
–503 (c 0.064, CHCl3), Reisman; [α]D25 = –401.5 (c 0.048, CHCl3)4 and Neuss; [α]D26 = –549.7 (CHCl3)2c; 
HRMS (ESI+) m/z: calcd. for C22H20N2NaO8S2, 527.0553 [M++Na]; found, 527.0579. 
 
Chemical Shift of 1H NMR in CDCl3 for Natural and Synthetic Acetylaranotin (1) 
 
natural 1 synthetic 1 Reisman's data 
6.63 
(ddd, 2H, J = 2.3, 2.2, 1.4 Hz) 
6.62 
(ddd, 2H, J = 2.0, 1.9, 1.8 Hz) 
6.61 
(ddd, 2H, J = 2.1, 2.1, 2.1 Hz) 
6.32 
(dd, 2H, J = 7.5, 2.1 Hz) 
6.30 
(dd, 2H, J = 8.3, 2.1 Hz) 
6.30 
(dd, 2H, J = 8.2, 2.2 Hz) 
5.68 
(ddd, 2H, J = 8.7, 2.1, 1.5 Hz) 
5.67 
(ddd, 2H, J = 8.5, 2.1, 2.0 Hz) 
5.67 
(ddd, 2H, J = 8.5, 2.0, 2.0 Hz) 
5.09 





(dddd, 2H, J = 8.4, 1.7, 1.7, 1.7 
Hz) 
4.63 
(dd, 2H, J = 7.5, 1.5 Hz) 
4.60 
(dd, 2H, J = 8.3, 2.0 Hz) 
4.60 
(dd, 2H, J = 8.2, 2.2 Hz) 
4.12 
(ddd, 2H, J = 18.0, 2.2, 1.3 Hz) 
4.11 
(ddd, 2H, J = 18.3, 1.9, 1.8 Hz) 
4.10 
(ddd, 2H, J = 18.2, 2.3, 1.3 Hz) 
2.97 
(ddd, 2H, J = 18.0, 1.4, 1.4 Hz) 
2.98  
(ddd, 2H, J = 18.3, 1.8, 1.5 Hz) 
2.98 









Chemical Shift of 1H NMR in DMSO-d6 for Natural and Synthetic Acetylaranotin (1) 
 
natural 1 synthetic 1 Reisman's data 
6.82 
(ddd, 2H, J = 2.5, 2.0, 1.5 Hz) 
6.82 
(ddd, 2H, J = 2.1, 2.0, 1.9 Hz) 
6.82 
(ddd, 2H, J = 2.1, 2.1, 2.1 Hz) 
6.45 
(dd, 2H, J = 8.0, 2.5 Hz) 
6.45 
(dd, 2H, J = 8.3, 2.1 Hz) 
6.45 
(dd, 2H, J = 8.2, 2.2 Hz) 
5.42 
(ddd, 2H, J = 8.5, 2.5, 2.0 Hz) 
5.42 
(ddd, 2H, J = 8.8, 2.1, 2.0 Hz) 
5.42 
(ddd, 2H, J = 8.5, 2.0, 2.0 Hz) 
5.01 
(br ddt, 2H, J = 8.5, 2.0, 1.5 
Hz) 
5.02 
(dd, 2H, J = 8.8, 2.0 Hz) 
5.02 
(dddd, 2H, J = 8.5, 1.9, 1.4, 1.4 
Hz) 
4.59 
(dd, 2H, J = 8.0, 2.0 Hz) 
4.60 
(dd, 2H, J = 8.3, 2.0 Hz) 
4.60 
(dd, 2H, J = 8.0, 1.8 Hz) 
3.84 
(br ddd, 2H, J = 18.0, 2.5, 1.5 
Hz) 
3.86 
(ddd, 2H, J = 18.5, 2.0, 1.8 Hz) 
3.85 
(ddd, 2H, J = 18.3, 2.5, 1.3 Hz) 
3.22 
(br ddd, 2H, J = 18.0, 1.5, 1.5 
Hz) 
3.23 
(ddd, 2H, J = 18.5, 1.9, 1.7 Hz) 
3.23 








Chemical Shift of 13C NMR in DMSO-d6 for Natural and Synthetic Acetylaranotin (1) 
natural 3 synthetic 
3 
Δ Reisman's data 
169.7  169.7  0.0  169.7  
162.3  162.3  0.0  162.3  
141.6  141.6  0.0  141.6  
139.2  139.2  0.0  139.2  
114.0  114.0  0.0  114.0  
105.4  105.5  0.1  105.4  
76.4  76.4  0.0  76.4  
69.9  70.0  0.1  70.0  
62.9  63.0  0.1  62.9  
34.1  34.1  0.0  34.1  
21.2  21.2  0.0  21.2  
 
 99 
6. Studies on macrocyclization using seco-acid 





















    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with bromide 333 
(1.28 g, 5.95 mmol), phenol 331 (1.47 g, 8.07 mmol), CuI (227 mg, 1.19 mmol), N,N-dimethylglycine·HCl 
(499 mg, 3.58 mmol), Cs2CO3 (4.07 g, 12.5 mmol), and 1,4-dioxane (12.0 mL). After stirring at reflux for 
26 h, to the mixture were added additional CuI (227 mg, 1.19 mmol) and N,N-dimethylglycine·HCl (499 mg, 
3.58 mmol). After stirring at reflux for additional 19 h, the reaction mixture was cooled to room temperature, 
and diluted with ethyl acetate and water. The aqueous layer was extracted with ethyl acetate three times. The 
combined organic extracts were dried over anhydrous sodium sulfate and filtered. The organic solvents were 
removed under reduced pressure to give a crude material, which was purified by flash silica gel column 
chromatography (hexanes-ethyl acetate = 2:1, then 1:1) to afford biaryl ether 334 (416 mg, 1.32 mmol, 22%) 
as a pale yellow solid. mp = 111–114 °C; Rf = 0.29 (hexanes-ethyl acetate = 6:1); 1H NMR (400 MHz, 
CDCl3): δ 9.79 (s, 1H), 7.88 (dd, 1H, J = 8.4, 2.0 Hz), 7.62 (dd, 1H, J = 8.4, 2.0 Hz), 7.58 (d, 1H, J = 2.0 
Hz), 7.26 (d, 1H, J = 2.0 Hz), 7.10 (d, 1H, J = 8.4 Hz), 7.03 (d, 1H, J = 8.4 Hz), 3.98 (s, 3H), 3.90 (s, 3H), 
3.85 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 190.2, 166.0, 155.2, 154.5, 146.5, 144.1, 129.8, 127.9, 127.0, 
122.9, 120.8, 116.7, 111.71, 111.67, 56.1, 55.9, 51.8; IR (neat, cm–1): 3076, 3022, 2952, 2936, 2843, 1713, 
1681, 1602, 1507, 1433, 1270, 1258, 1221, 1132, 1117, 1018, 774, 768, 746, 631; HRMS (ESI) m/z: calcd. 
for C17H17O6, 317.1020 [M++H]; found, 317.1016. 
 





THF, –20 °C, 10 min;
B(OMe)3 (6.0 equiv)
–20 °C to rt;





    A flame-dried 30-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with 335 (312 
mg, 1.07 mmol) and dry THF (5.2 mL) under an Ar atmosphere. To the solution was added i-PrMgCl·LiCl 
(1.0 M THF solution, 3.2 mL, 3.2 mmol) at –20 °C, and the resulting solution was stirred for 10 min. To the 
mixture was then added trimethyl borate (716 mL, 6.42 mmol) at –20 °C, and the resulting mixture was 
warmed to room temperature. After stirring for additional 20 min, the reaction was quenched with 1 M 
aqueous HCl. The aqueous layer was extracted with ethyl acetate three times. The combined organic extracts 
were dried over anhydrous sodium sulfate and filtered. The organic solvents were removed under reduced 
pressure to give a crude material (243 mg) as a 14:1 mixture of boronate 336 and methyl-4-methoxy 
benzoate, which was used to the coupling reaction without further purification. 
1H NMR (400 MHz, CDCl3): δ 8.53 (d, 1H, J = 2.0 Hz), 8.15 (dd, 1H, J = 8.8, 2.0 Hz), 6.96 (d, 1H, J = 8.8 
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Hz), 5.89 (brs, 2H), 3.98 (s, 3H), 3.90 (s, 3H); HRMS (ESI) m/z: calcd. for C9H12BO5, 211.0774 [M++H]; 
found, 211.0775. 
 

















337 338  
    A 10-mL test-tube equipped with a Teflon-coated magnetic stirring bar was charged with fluoride 337 
(45.0 mg, 0.226 mmol) and DMF (500 mL). To the mixture were added isovanillin (68.8 mg, 0.452 mmol) 
and K2CO3 (68.7 mg, 0.497 mmol), and the reaction mixture was stirred at room temperature for 1.5 h, after 
which time TLC (hexanes-ethyl acetate = 3:1, developed twice) indicated complete consumption of 337. 
The reaction mixture was diluted with ethyl acetate. The organic layer was washed with water three times, 
and further washed twice with 1 M aqueous NaOH and once with brine. The organic layer was dried over 
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give ether 
338 (72.8 mg, 0.220 mmol, 97%) as a pale yellow solid. mp = 141–143 °C; Rf = 0.36 (hexanes-ethyl acetate 
= 1:1); 1H NMR (400 MHz, CDCl3): δ 9.88 (s, 1H), 7.99 (d, 1H, J = 8.8 Hz), 7.84 (dd, 1H, J = 8.8, 1.2 Hz), 
7.79 (dd, 1H, J = 8.4, 2.0 Hz), 7.61 (d, 1H, J = 2.0 Hz), 7.50 (d, 1H, J = 1.2 Hz), 7.15 (d, 1H, J = 8.4 Hz), 
3.90 (s, 3H+3H); 13C NMR (100 MHz, CDCl3): δ 189.8, 164.5, 156.0, 150.3, 143.8, 143.0, 135.1, 130.3, 
129.8, 125.6, 123.9, 121.0, 119.6, 112.6, 56.3, 52.7; IR (neat, cm–1): 3021, 2954, 2844, 1729, 1692, 1607, 
1578, 1530, 1509, 1436, 1281, 1227, 1118, 1018, 993, 841, 806, 744, 634; HRMS (ESI) m/z: calcd. for 



















334 339  
    A 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with a three-way stopcock was charged with 334 (741 mg, 2.34 mmol) and dry CH2Cl2 (11.7 mL). 
To the solution was added (carbethoxymethylene)triphenylphosphorane (1.22 g, 3.50 mmol). The resulting 
mixture was stirred at room temperature for 22 h, after which time TLC (hexanes-ethyl acetate = 1:1) 
indicated complete consumption of 334. The reaction mixture was concentrated under reduced pressure to 
give a crude material, which was purified by silica gel column chromatography (hexanes-ethyl acetate = 
3:2) to afford α,β-unsaturated ester 339 as a 10:1 E/Z mixture (905 mg, 2.34 mmol, quant) as a colorless oil.  
E-isomer: Rf = 0.44 (hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.85 (dd, 1H, J = 8.8, 2.0 
Hz), 7.54 (d, 1H, J = 16.0 Hz), 7.51 (d, 1H, J = 2.0 Hz), 7.27 (dd, 1H, J = 8.4, 2.0 Hz), 7.02 (d, 1H, J = 8.8 
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Hz), 6.99 (d, 1H, J = 2.0 Hz), 6.98 (d, 1H, J = 8.4 Hz), 6.17 (d, 1H, J = 16.0 Hz), 4.22 (q, 2H, J = 7.2 Hz), 
3.93 (s, 3H), 3.89 (s, 3H), 3.85 (s, 3H), 1.30 (t, 3H, J = 7.2 Hz); 13C NMR (100 MHz, CDCl3): δ 167.0, 
166.2, 154.4, 152.2, 145.8, 145.1, 143.7, 127.6, 126.6, 125.1, 122.9, 119.9, 117.4, 116.5, 112.4, 111.6, 60.3, 
56.05, 56.01, 51.9, 14.2; IR (neat, cm–1): 2979, 2953, 2905, 2841, 1713, 1607, 1512, 1438, 1292, 1268, 


























    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with a three-way stopcock was charged with 339 (484 mg, 1.25 mmol) and t-BuOH-H2O (1:1, 9.2 
mL). To the solution were added AD-mix α (2.11 g), MeSO2NH2 (238 mg, 2.50 mmol), (DHQ)2PHAL 
(48.9 mg, 62.8 µmol), and K2OsO4·2H2O (11.5 mg, 31.2 µmol). The resulting mixture was stirred at room 
temperature for 3.5 h, at which time the reaction mixture was diluted with ethyl acetate and water. The 
aqueous layer was extracted with ethyl acetate three times, and the combined organic extracts were washed 
with brine. The organic layer was dried over anhydrous sodium sulfate and filtered. The filtrate was 
concentrated under reduced pressure to give a crude material, which was used in the next step without 
further purification. Rf = 0.25 (hexanes-ethyl acetate = 1:2); 1H NMR (400 MHz, CDCl3): δ 7.80 (dd, 1H, J 
= 8.8, 1.6 Hz), 7.45 (d, 1H, J = 1.2 Hz), 7.17 (dd, 1H, J = 8.6, 1.0 Hz), 7.03–6.96 (m, 2H), 6.95 (br s, 1H), 
4.88 (d, 1H, J = 2.0 Hz), 4.28 (d, 1H, J = 2.0 Hz), 4.24 (q, 2H, J = 7.0 Hz), 3.93 (s, 3H), 3.84 (s, 3H), 3.83 
(s, 3H), 3.05 (br s, 1H), 2.64 (br s, 1H), 1.26 (t, 3H, J = 7.0 Hz); 13C NMR (100 MHz, CDCl3): δ 172.6, 
166.5, 154.2, 150.5, 145.7, 144.9, 132.9, 126.0, 122.8, 122.4, 119.0, 117.8, 112.4, 111.4, 74.5, 73.9, 62.1, 
56.1, 56.0, 51.9, 14.1; IR (neat, cm–1): 3481, 3062, 2980, 2953, 2938, 2911, 2841, 1733, 1716, 1606, 1516, 
1508, 1437, 1275, 1124, 1023, 765, 734; [α]D22 = +3.9 (c 1.51, CH2Cl2); HRMS (ESI) m/z: calcd. for 





















0 °C, 50 min
340 341  
    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with a three-way stopcock was charged with the crude diol 340 and dry CH2Cl2 (6.3 mL). To the 
 102 
solution were added Et3N (348 µL, 2.50 mmol) and p-NsCl (305 mg, 1.38 mmol) at 0 °C. The resulting 
mixture was stirred at 0 °C for 50 min. The reaction was quenched with water, and the resulting mixture 
was warmed to room temperature. The aqueous layer was extracted with CH2Cl2 three times, and the 
combined organic extracts were washed with 1 M aqueous HCl and brine. The organic layer was dried over 
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude 






















341 343  
    A 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with a three-way stopcock was charged with the crude sulfonate 341, NaN3 (122 mg, 1.88 mmol) 
and DMF (7.8 mL). The resulting mixture was stirred at 60 °C for 16 h, after which time TLC 
(hexanes-ethyl acetate = 1:2) indicated complete consumption of 341. The reaction mixture was diluted 
with water and ethyl acetate, and the aqueous layer was extracted with ethyl acetate three times. The 
combined organic extracts were washed with water and brine. The organic layer was dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by silica gel column chromatography (hexanes-ethyl acetate = 1:1) to afford azide 343 
(324 mg, 0.727 mmol, 58% over 3 steps) as a yellow amorphous. Rf = 0.50 (hexanes-ethyl acetate = 1:2); 1H 
NMR (400 MHz, CDCl3): δ 7.82 (dd, 1H, J = 8.8, 2.0 Hz), 7.47 (d, 1H, J = 2.0 Hz), 7.16 (dd, 1H, J = 8.8, 
2.2 Hz), 7.02–6.98 (m, 2H), 6.89 (d, 1H, J = 2.2 Hz), 4.90 (dd, 1H, J = 7.2, 4.2 Hz), 4.23 (dq, 1H, J = 10.6, 
7.0 Hz), 4.20 (dq, 1H, J = 10.6, 7.0 Hz), 4.00 (d, 1H, J = 7.2 Hz), 3.92 (s, 3H), 3.86 (s, 3H), 3.83 (s, 3H), 
2.79 (d, 1H, J = 4.4 Hz), 1.26 (dd, 3H, J = 7.0, 7.0 Hz); 13C NMR (100 MHz, CDCl3): δ 168.7, 166.4, 154.2, 
150.7, 145.5, 145.2, 131.8, 126.2, 122.8, 122.6, 119.4, 117.5, 112.5, 111.5, 73.4, 66.8, 62.0, 55.98, 55.97, 
51.9, 14.0; IR (neat, cm–1): 3490, 3008, 2980, 2953, 2113, 1716, 1606, 1513, 1439, 1275, 1223, 1205, 1134, 
1124, 1024, 766; [α]D24 = –13.0 (c 1.27, CHCl3); HRMS (ESI) m/z: calcd. for C21H23N3NaO8, 468.1377 






























single diasetereomer  
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    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with S8 (5.9 mg, 13 
µmol) and dry CH2Cl2 (150 µL). To the solution were added DMAP (6.5 mg, 53 µmol) and (+)-MTPA-Cl 
(5.0 µL, 27 µmol) at 0 °C. The resulting mixture was warmed to room temperature and stirred for 1 h, after 
which time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption of 343. The reaction was 
quenched with water, and the aqueous layer was extracted with CH2Cl2 three times. The combined organic 
extracts were washed with 1 M aqueous HCl, saturated aqueous NaHCO3, and brine. The organic layer was 
dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to 
give a crude material,* which was purified by preparative TLC (hexanes-ethyl acetate = 4:1, developed four 
times) to afford ester S5 (5.30 mg, 8.0 µmol, 60%) as a colorless oil. Rf = 0.61 (hexanes-ethyl acetate = 1:1); 
1H NMR (400 MHz, CDCl3): δ 7.85 (dd, 1H, J = 8.8, 2.0 Hz), 7.49 (d, 1H, J = 2.0 Hz), 7.40–7.33 (m, 5H), 
7.18 (dd, 1H, J = 8.4, 2.4 Hz), 7.004 (d, 1H, J = 8.8 Hz), 6.999 (d, 1H, J = 8.4 Hz), 6.89 (d, 1H, J = 2.4 Hz), 
6.11 (d, 1H, J = 8.0 Hz), 4.18 (d, 1H, J = 8.0 Hz), 4.08 (dq, 1H, J = 11.2, 6.8 Hz), 3.97 (dq, 1H, J = 11.2, 6.8 
Hz), 3.89 (s, 3H), 3.88 (s, 3H), 3.82 (s, 3H), 3.38–3.34 (m, 3H), 1.17 (dd, 3H, J = 6.8, 6.8 Hz); 13C NMR 
(100 MHz, CDCl3): δ 166.9, 166.2, 165.0, 154.5, 151.4, 145.8, 144.9, 131.7, 129.6, 128.4, 127.2, 126.8, 
126.6, 124.2, 123.6 (q, JC-F = 287 Hz), 122.9, 120.1, 117.8, 112.5, 111.6, 84.4 (q, JC-F = 27.4 Hz), 75.5, 64.6, 
62.3, 56.03, 56.01, 55.5, 51.9, 13.9; IR (neat, cm–1): 2983, 2952, 2844, 2114, 1752, 1717, 1608, 1514, 1438, 
1270, 1244, 1178, 1127, 1021, 766, 721; [α]D27 = +16.4 (c 0.530, CHCl3); HRMS (ESI) m/z: calcd. for 
C31H30F3N3NaO10, 684.1775 [M++Na]; found, 684.1744. 
 







































    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with racemic 
rac-343 (13.7 mg, 30.8 µmol) and dry CH2Cl2 (350 µL). To the solution were added DMAP (15.1 mg, 124 
µmol) and (+)-MTPA-Cl (11.5 µL, 61.5 µmol) at 0 °C. The resulting mixture was warmed to room 
temperature and stirred for 30 min after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete 
consumption of rac-343. The reaction was quenched with water, and the aqueous layer was extracted with 
CH2Cl2 three times. The combined organic extracts were washed with 1 M aqueous HCl, saturated aqueous 
NaHCO3, and brine. The organic layer was dried over anhydrous sodium sulfate and filtered. The filtrate 
was concentrated under reduced pressure to give a crude material, which was purified by preparative TLC 
(hexanes-ethyl acetate = 4:1, developed four times) to afford 1:1 mixture of esters S5 and S6 (17.5 mg, 26.5 
µmol, 86%) as a colorless oil.  
 
                                                























343 344  
    A 100-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with 343 (279 mg, 0.626 mmol), PtO2 (43.0 mg, 0.188 mmol), 
and ethyl acetate (6.1 mL). The mixture was stirred under hydrogen atmosphere for 16 h, after which time 
TLC (CH2Cl2-MeOH = 20:1, developed twice) indicated complete consumption of 343. The reaction 
mixture was passed through Celite® pad, and the filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by silica gel column chromatography (CH2Cl2-MeOH = 20:1, 10:1, then 
3:1) to afford amine 344 (218 mg, 0.520 mmol, 83%) as a pale brown oil. Rf = 0.28 (CH2Cl2-MeOH = 
10:1); 1H NMR (400 MHz, CDCl3): δ 7.81 (dd, 1H, J = 8.0, 2.0 Hz), 7.45 (d, 1H, J = 2.0 Hz), 7.05 (dd, 1H, 
J = 8.4, 1.8 Hz), 6.99 (d, 1H, J = 8.4 Hz), 6.95 (d, 1H, J = 8.0 Hz), 6.80 (d, 1H, J = 1.8 Hz), 4.85 (d, 1H, J = 
5.6 Hz), 4.10 (dq, 1H, J = 10.8, 7.0 Hz), 4.01 (dq, 1H, J = 10.8, 7.0 Hz), 3.92 (s, 3H), 3.84 (s, 3H), 3.83 (s, 
3H), 3.72 (d, 1H, J = 5.6 Hz), 1.18 (dd, 3H, J = 7.0, 7.0 Hz); 13C NMR (100 MHz, CDCl3): δ 172.8, 166.3, 
154.2, 150.2, 145.5, 145.0, 132.6, 126.1, 122.7, 122.2, 119.3, 117.3, 112.3, 111.4, 73.5, 61.0, 59.8, 56.0, 
55.9, 51.8, 14.0; IR (neat, cm–1): 3481, 3371, 3310, 2979, 2952, 2841, 1716, 1605, 1512, 1439, 1275, 1220, 
1206, 1133, 1122, 1024, 790; [α]D26 = +13.6 (c 1.41, MeOH); HRMS (ESI) m/z: calcd. for C21H26NO8, 


































344 345 329  
    A 50-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with 344 (336 mg, 
0.801 mmol), CH2Cl2 (4.2 mL), water (4.2 mL), and HCHO (37% in water, 65.0 µL, 0.80 mmol). The 
resulting mixture was stirred at room temperature for 5.5 h. The reaction mixture was diluted with water 
and stirred vigorously for 5 min. The aqueous layer was extracted with CH2Cl2 four times. The combined 
organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under 
reduced pressure to give a crude material, which was used in the next step without further purification.  
    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with a three-way stopcock was charged with the crude acetal 345 and CH2Cl2 (6.2 mL). To the 
resulting solution were added TFA (6.2 mL) and Et3SiH (768 µL, 0.801 mmol) at 0 °C. The resulting 
mixture was warmed to room temperature and stirred for 2 h. The reaction mixture was concentrated under 
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reduced pressure, and the resulting residue was diluted with ethyl acetate and saturated aqueous NaHCO3. 
The aqueous layer was extracted with ethyl acetate three times. The combined organic extracts were dried 
over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by silica gel column chromatography (CH2Cl2-MeOH = 15:1) to afford 
N-methyl amine 329 (261 mg, 0.601 mmol, 75%) as a pale yellow oil. Rf = 0.36 (CH2Cl2- MeOH = 10:1); 
1H NMR (600 MHz, CDCl3): δ 7.80 (dd, 1H, J = 7.8, 1.8 Hz), 7.43 (d, 1H, J = 1.8 Hz), 6.993 (dd, 1H, J = 
7.8, 2.4 Hz), 6.991 (d, 1H, J = 7.8 Hz), 6.93 (d, 1H, J = 7.8 Hz), 6.76 (d, 1H, J = 2.4 Hz), 4.87 (d, 1H, J = 
5.4 Hz), 4.07 (dq, 1H, J = 10.8, 7.2 Hz), 3.98 (dq, 1H, J = 10.8, 7.2 Hz), 3.93 (s, 3H), 3.830 (s, 3H), 3.826 (s, 
3H), 3.43 (d, 1H, J = 5.4 Hz), 2.39 (s, 3H), 1.15 (dd, 3H, J = 7.2, 7.2 Hz); 13C NMR (150 MHz, CDCl3): δ 
171.8, 166.1, 154.0, 150.0, 145.5, 144.7, 133.0, 125.8, 122.5, 121.8, 118.9, 117.0, 112.1, 111.3, 72.1, 68.4, 
60.6, 55.8, 55.7, 51.7, 34.9, 13.9; IR (neat, cm–1): 3481, 3328, 2978, 2952, 2841, 1716, 1605, 1511, 1438, 
1274, 1204, 1178, 1133, 1125, 1024, 765; [α]D26 = –10.1 (c 1.05, CHCl3); HRMS (ESI) m/z: calcd. for 








































    A 50-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with amine 329 
(77.0 mg, 0.178 mmol), dry CH2Cl2 (9.4 mL), Et3N (60.7 µL, 0.435 mmol), and BOP-Cl (44.3 mg, 0.174 
mmol). To the suspension was added dry CH2Cl2 (9.4 mL) solution of carboxylic acid 245 (38.8 mg, 0.0871 
mmol), and the resulting mixture was stirred at room temperature for 17 h, after which time TLC (CH2Cl2- 
MeOH = 10:1) indicated complete consumption of carboxylic acid 245. The reaction was quenched with 
saturated aqueous NaHCO3, and the aqueous layer was extracted with CH2Cl2 four times. The combined 
organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under 
reduced pressure to give a crude material, which was purified by silica gel column chromatography 
(hexanes-ethyl acetate = 1:1, then 2:3) to afford amide 346 (50.1 mg, 0.0582 mmol, 67%) as a colorless oil. 
Rf = 0.21 (hexanes-ethyl acetate = 1:1); 1H NMR (600 MHz, CDCl3): δ 7.76 (dd, 0.4H, J = 8.7, 2.1 Hz), 
7.75 (d, 0.6H, J = 8.7, 2.1 Hz), 7.37–7.24 (m, 6H), 7.20 (dd, 0.6H, J = 8.7, 2.1 Hz), 7.16 (d, 0.4H, J = 8.4, 
1.8 Hz), 7.00–6.93 (m, 3H), 6.31–6.27 (m, 1H), 6.23 (d, 0.4H, J = 8.4 Hz), 6.22 (d, 0.6H, J = 8.4 Hz), 5.36 
(dd, 0.6H, J = 9.0, 2.4 Hz), 5.29 (d, 0.4H, J = 12.3 Hz), 5.25 (dd, 0.4H, J = 8.1, 2.7 Hz), 5.16 (d, 0.6H, J = 
12.9 Hz), 5.11 (d, 0.6H, J = 12.9 Hz), 5.04 (dd, 0.4H, J = 7.8, 1.5 Hz), 4.90–4.85 (m, 1H), 4.82 (d, 0.4H, J = 
12.3 Hz), 4.75 (dd, 0.6H, J = 7.8, 1.2 Hz), 4.72 (dd, 0.4H, J = 7.8, 7.8 Hz), 4.70–4.66 (m, 1H), 4.64 (dd, 
0.6H, J = 7.8, 7.8 Hz), 4.24 (d, 0.6H, J = 2.4 Hz), 4.19–4.02 (m, 2H), 3.98–3.78 (m, 9.4H), 3.76 (d, 0.4H, J 
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= 8.4 Hz), 3.51 (d, 0.6H, J = 9.0 Hz), 2.93–2.82 (m, 1H), 2.68 (s, 1.8H), 2.65 (s, 1.2H), 2.10 (d, 0.4H, J = 
15.6 Hz), 2.09 (d, 0.6H, J = 15.0 Hz), 1.22 (dd, 1.8H, J = 6.9, 6.9 Hz), 1.18 (dd, 1.2H, J = 7.2, 7.2 Hz), 
0.85–0.77 (m, 9H), –0.04 (s, 1.2H), –0.09 (s, 1.8H), –0.12 (s, 1.2H), –0.15 (s, 1.8H); 13C NMR (150 MHz, 
CDCl3): δ 172.0, 171.9, 171.5, 170.6, 166.3, 155.1, 154.4, 153.6, 153.4, 151.3, 151.1, 150.8, 146.5, 146.3, 
145.3, 145.0, 144.1, 143.9, 136.6, 136.4, 135.1, 133.0, 132.8, 128.4, 128.3, 128.0, 127.9, 127.8, 127.68, 
127.66, 127.4, 125.6, 125.5, 123.8, 123.7, 122.6, 120.4, 119.7, 119.3, 119.0, 117.5, 117.1, 112.3, 111.4, 
111.3, 70.9, 70.6, 69.1, 68.3, 67.6, 66.9, 66.8, 66.2, 65.6, 64.7, 61.8, 61.7, 59.0, 58.1, 56.02, 55.99, 55.9, 
51.9, 37.9, 37.4, 32.1, 31.2, 25.73, 25.70, 25.67, 17.9, 14.1, 13.6, –4.55, –4.61, –5.00, –5.05; IR (neat, 
cm–1): 3499, 3014, 2953, 2933, 2855, 1715, 1659, 1513, 1439, 1411, 1342, 1265, 1209, 1143, 1122, 1025, 
957, 899, 836, 754; [α]D27 = –163 (c 2.48, CHCl3); HRMS (ESI) m/z: calcd. for C45H57N2O13Si, 861.3624 

















































    
71% (2 steps)
 
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with 346 (39.2 mg, 
45.5 µmol), Pd(OAc)2 (2.0 mg, 8.9 µmol), Et3N (2.5 µL, 18 µmol), and dry CH2Cl2 (450 µL). After the 
reaction mixture was stirred at reflux for 5 min, Et3SiH (72.7 µL, 455 µmol) was added dropwise to the test 
tube. Since TLC (hexanes-ethyl acetate = 1:1) indicated incomplete consumption of 346 after 2 h, Pd(OAc)2 
(0.5 mg, 2 µmol) were added to the flask. The mixture was stirred at reflux for additional 14 h, after which 
time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption of 346. The reaction mixture was 
cooled to room temperature, diluted with CH2Cl2, and treated with saturated aqueous NaHCO3. The aqueous 
layer was extracted with CH2Cl2 five times. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by preparative TLC (CH2Cl2-MeOH = 30:1) to afford a mixture of amine 347 and 
diketopiperazine 348 (31.2 mg).  
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with the above 
described mixture (31.2 mg), dry THF (750 µL), and AcOH (8.5 µL, 0.15 mmol). To the solution was 
added TBAF (1 M THF solution, 55.6 µL, 56 µmol), and the resulting mixture was stirred at room 
temperature for 18 h, after which time TLC (CH2Cl2-MeOH = 30:1) indicated complete consumption of 347. 
The reaction mixture was diluted with ethyl acetate and saturated aqueous NaHCO3, and the aqueous layer 
was extracted with ethyl acetate five times. The combined organic extracts were washed with brine, dried 
over anhydrous sodium sulfate, and filtered. The filtrate was concentrated under reduced pressure to give a 
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crude material, which was purified by preparative TLC (CH2Cl2-MeOH = 30:1, developed twice) to afford 
diketopiperazine 348 (22.0 mg, 32.3 µmol, 71% over 2 steps) as a colorless oil. Rf = 0.56 (CH2Cl2-MeOH = 
10:1); 1H NMR (600 MHz, CDCl3): δ 7.81 (dd, 1H, J = 9.0, 2.4 Hz), 7.46 (d, 1H, J = 2.4 Hz), 6.99 (d, 1H, J 
= 9.0 Hz), 6.96–6.91 (m, 2H), 6.71 (d, 1H, J = 1.8 Hz), 6.35 (dd, 1H, J = 2.4, 2.4 Hz), 6.29 (d, 1H, J = 7.8 
Hz), 5.40 (br s, 1H), 4.86 (dd, 1H, J = 7.8, 7.8 Hz), 4.76 (dd, 1H, J = 7.8, 1.8 Hz), 4.56 (br s, 1H), 4.38 (dd, 
1H, J = 2.7, 0.9 Hz), 4.07 (dd, 1H, J = 12.0, 6.0 Hz), 3.91 (s, 3H), 3.84 (s, 3H), 3.84 (s, 3H), 3.07 (s, 3H), 
2.62 (dd, 1H, J = 13.8, 6.0 Hz), 2.56 (br s, 1H), 1.38 (dddd, 1H, J = 13.8, 12.0, 2.4, 2.4 Hz), 0.79 (s, 9H), 
0.00 (s, 3H), –0.03 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 166.4, 165.5, 162.8, 154.5, 150.5, 145.7, 145.1, 
145.0, 135.0, 131.3, 126.5, 122.7, 122.4, 120.0, 117.1, 112.9, 112.4, 111.6, 106.5, 68.6, 67.8, 63.4, 58.1, 
56.1, 51.9, 35.4, 34.1, 25.8, 17.9, –4.2, –4.5; IR (neat, cm–1): 3395, 3011, 2953, 2930, 2901, 2856, 1716, 
1654, 1608, 1512, 1463, 1439, 1279, 1200, 1135, 1092, 1025, 954, 906, 837, 752; [α]D20 = –228 (c 1.70, 
































0 °C, 30 min
OMe
(20 equiv)
348 S7  
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with alcohol 348 
(43.1 mg, 63.3 µmol), dry CH2Cl2 (1.0 mL), and 2-methoxypropene (121 µL, 1.26 mmol). To the solution 
was added PPTS (0.0633 M CH2Cl2 solution, 200 µL, 0.127 µmol) at 0 °C, and the resulting mixture was 
stirred for 30 min, after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption of 
348. The reaction mixture was poured into saturated aqueous NaHCO3 at 0 °C, and the aqueous layer was 
extracted once with CH2Cl2. The aqueous layer was further extracted with ethyl acetate three times. The 
combined organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was 



































0 °C, 6 h
74%
(2 steps)
S7 349  
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with the crude 
TBS ether S7 and THF (560 µL). To the solution was added TBAF (1 M THF solution, 76.0 µL, 76 µmol) 
at 0 °C, and the resulting solution was stirred at 0 °C for 6 h. The reaction mixture was passed through a 
short pad of silica gel using ethyl acetate-MeOH = 10:1 as an eluent. The filtrate was concentrated under 
reduced pressure to give a crude material, which was purified by preparative TLC (ethyl acetate-MeOH = 
10:1) to afford alcohol 349 (30.0 mg, 47.0 µmol, 74% over 2 steps) as a colorless oil. Rf = 0.39 (ethyl 
acetate-MeOH = 8:1); 1H NMR (400 MHz, CDCl3): δ 7.80 (dd, 1H, J = 8.8, 1.6 Hz), 7.39 (d, 1H, J = 1.6 
Hz), 6.99 (d, 1H, J = 8.8 Hz), 6.91 (d, 1H, J = 8.0 Hz), 6.87 (dd, 1H, J = 8.0, 2.0 Hz), 6.72 (d, 1H, J = 2.0 
Hz), 6.41 (dd, 1H, J = 2.2, 2.2 Hz), 6.35 (d, 1H, J = 8.0 Hz), 5.48 (d, 1H, J = 2.4 Hz), 5.03 (dd, 1H, J = 8.0, 
8.0 Hz), 4.70–4.60 (m, 2H), 4.35–4.32 (m, 1H), 4.15 (dd, 1H, J = 12.4, 5.6 Hz), 3.91 (s, 3H), 3.82 (s, 3H), 
3.81 (s, 3H), 3.12 (s, 3H), 3.11 (s, 3H), 2.58 (dd, 1H, J = 13.6, 5.6 Hz), 1.64 (br s, 1H), 1.40 (s, 3H), 1.12 (s, 
3H), 1.01 (dd, 1H, J = 13.6, 12.4 Hz); 13C NMR (100 MHz, CDCl3): δ 166.3, 165.0, 162.5, 154.2, 150.3, 
145.4, 145.2, 135.4, 131.2, 126.3, 123.1, 122.7, 119.3, 118.4, 114.0, 112.4, 111.6, 105.6, 102.0, 76.4, 68.5, 
68.3, 62.8, 58.3, 56.1, 56.0, 51.8, 49.4, 35.6, 33.7, 25.4, 24.8; IR (neat, cm–1): 3411, 2992, 2942, 2840, 1715, 
1657, 1512, 1463, 1439, 1278, 1201, 1136, 1046, 853, 753; [α]D24 = –227 (c 1.50, CHCl3); HRMS (ESI) 




































349 S8  
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with alcohol 349 
(18.5 mg, 29.0 µmol), PhI(OAc)2 (18.7 mg, 58.1 µmol), and CH2Cl2 (500 µL). To the solution was added 
AZADO (0.12 M CH2Cl2 solution, 50 µL, 6.0 µmol), and the reaction mixture was concentrated to ca.100 
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µL by flashing Ar. The resulting mixture was stirred at room temperature for 2 h, after which time TLC 
(ethyl acetate, developed twice) indicated complete consumption of 349. The reaction mixture was diluted 
with CH2Cl2 and poured into saturated aqueous NaHCO3 at 0 °C. The aqueous layer was extracted twice 
with CH2Cl2 and ethyl acetate, respectively. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by preparative TLC (ethyl acetate, developed twice) to afford vinylogous lactone S8 
(18.3 mg, 28.7 µmol, 99%) as a pale yellow oil. Rf = 0.43 (ethyl acetate); 1H NMR (400 MHz, CDCl3): 
δ 7.81 (dd, 1H, J = 8.8, 2.0 Hz), 7.38 (d, 1H, J = 2.0 Hz), 7.03 (d, 1H, J = 8.0 Hz), 6.99 (d, 1H, J = 8.8 Hz), 
6.93 (d, 1H, J = 8.4 Hz), 6.90 (dd, 1H, J = 8.4, 2.0 Hz), 6.73–6.68 (m, 2H), 5.60 (d, 1H, J = 8.0 Hz), 5.47 (d, 
1H, J = 2.4 Hz), 5.27 (d, 1H, J = 2.0 Hz), 4.44 (dd, 1H, J = 2.4, 1.0 Hz), 3.90 (s, 3H), 3.87 (dd, 1H, J = 12.0, 
6.0 Hz), 3.82 (s, 3H), 3.82 (s, 3H), 3.16 (s, 3H), 3.11 (s, 3H), 2.65 (dd, 1H, J = 14.4, 6.0 Hz), 1.42 (s, 3H), 
1.14–1.04 (m, 1H), 1.12 (s, 3H); 13C NMR (100 MHz, CDCl3): δ 181.2, 166.2, 164.1, 162.4, 154.2, 153.6, 
150.3, 145.5, 145.1, 137.3, 131.2, 126.4, 123.1, 122.8, 119.4, 118.2, 115.8, 112.4, 111.6, 108.0, 102.1, 76.4, 
68.5, 66.7, 57.2, 56.1, 56.0, 51.9, 49.4, 35.9, 32.5, 25.4, 24.8; IR (neat, cm–1): 3014, 2991, 2942, 2840, 1715, 
1687, 1663, 1606, 1512, 1458, 1438, 1279, 1207, 1046, 754; [α]D27 = –158 (c 1.83, CHCl3); HRMS (ESI) 




































S8 epi-349  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with S8 
(15.8 mg, 24.8 µmol) and CH2Cl2 (760 µL). To the solution was added CeCl3·7H2O (0.496 M EtOH 
solution, 250 µL, 0.124 mmol), and the mixture was cooled to –78 °C. After stirring for 15 min, to the 
mixture was added NaBH4 (0.827 M EtOH solution, 60 µL, 50 µmol), and the resulting mixture was stirred 
at –78 °C. To the mixture was added additional NaBH4 after stirring for additional 10 min (0.827 M EtOH 
solution, 60 µL, 50 µmol) and 25 min (0.827 M EtOH solution, 60 µL, 50 µmol), respectively. The 
resulting mixture was stirred at –78 °C for additional 1.6 h, after which time TLC (ethyl acetate, developed 
twice) indicated complete consumption of S8. The reaction was quenched with saturated aqueous NH4Cl, 
and the resulting mixture was allowed to warm to room temperature. The aqueous layer was extracted with 
ethyl acetate three times and further extracted once with CH2Cl2. The combined organic extracts were dried 
over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a 
crude material, which was purified by preparative TLC (ethyl acetate) to afford alcohol epi-349 (12.0 mg, 
18.8 µmol, 76%) as a pale yellow oil. Rf = 0.37 (ethyl acetate); 1H NMR (400 MHz, CDCl3): δ 7.82 (dd, 1H, 
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J = 8.4, 2.0 Hz), 7.40 (d, 1H, J = 2.0 Hz), 7.00 (d, 1H, J = 8.4 Hz), 6.93 (d, 1H, J = 8.4 Hz), 6.88 (dd, 1H, J 
= 8.4, 2.0 Hz), 6.75 (d, 1H, J = 2.0 Hz), 6.36 (dd, 1H, J = 2.0, 2.0 Hz), 6.14 (dd, 1H, J = 8.4, 2.0 Hz), 5.46 
(d, 1H, J = 2.4 Hz), 4.86 (dd, 1H, J = 8.4, 2.0 Hz), 4.83 (d, 1H, J = 4.4 Hz), 4.48 (d, 1H, J = 8.0 Hz), 
4.42–4.39 (m, 1H), 4.15 (dddd, 1H, J = 8.0, 4.0, 2.0, 2.0 Hz), 3.93 (s, 3H), 3.86 (dd, 1H, J = 12.4, 5.6 Hz), 
3.82 (s, 3H), 3.81 (s, 3H), 3.14 (s, 3H), 3.11 (s, 3H), 2.52 (dd, 1H, J = 13.6, 6.0 Hz), 1.41 (s, 3H), 1.12 (s, 
3H), 1.07–0.97 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 166.2, 165.6, 164.2, 154.2, 150.5, 145.6, 145.3, 
138.1, 137.2, 130.9, 126.4, 123.0, 122.7, 119.3, 118.4, 112.4, 111.6, 110.0, 109.7, 102.2, 76.2, 69.0, 68.5, 
64.4, 56.3, 56.10, 56.08, 51.9, 49.5, 35.7, 34.1, 25.4, 24.8; IR (neat, cm–1): 3395, 2993, 2946, 2840, 1715, 
1660, 1608, 1512, 1458, 1438, 1279, 1134, 1046, 858, 755; [α]D24 = –188 (c 1.20, CHCl3); HRMS (ESI) 




































epi-349 350  
    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with epi-349 (2.1 
mg, 3.3 µmol), Me3SnOH (17.8 mg, 98.4 µmol), and dry 1,2-dichloroethane (100 µL). The resulting 
mixture was warmed to 80 °C and stirred for 3 days. The reaction mixture was cooled to room temperature 
and diluted with ethyl acetate. The mixture was washed once with saturated aqueous NH4Cl. The organic 
layer was washed with 0.01 M aqueous KHSO4 four times, dried over anhydrous sodium sulfate, and 
filtered. The filtrate was concentrated under reduced pressure to give a crude material (2.0 mg), which was 
used in the next step without further purification. Rf = 0.30 (ethyl acetate-MeOH = 8:1); 1H NMR (400 MHz, 
CDCl3): δ 7.83 (dd, 1H, J = 8.6, 2.0 Hz), 7.37 (d, 1H, J = 2.0 Hz), 7.02 (d, 1H, J = 8.6 Hz), 6.93 (d, 1H, J = 
8.4 Hz), 6.88 (dd, 1H, J = 8.4, 2.0 Hz), 6.80 (d, 1H, J = 2.0 Hz), 6.38–6.34 (m, 1H), 6.13 (dd, 1H, J = 8.4, 
2.0 Hz), 5.47 (d, 1H, J = 2.4 Hz), 4.86 (dd, 1H, J = 8.4, 2.0 Hz), 4.49 (d, 1H, J = 7.6 Hz), 4.44–4.40 (m, 1H), 
4.16 (d, 1H, J = 8.4 Hz), 3.95 (s, 3H), 3.90 (dd, 1H, J = 12.6, 6.0 Hz), 3.80 (s, 3H), 3.15 (s, 3H), 3.10 (s, 
3H), 2.58 (dd, 1H, J = 13.6, 6.0 Hz), 1.41 (s, 3H), 1.12 (s, 3H), 1.04–0.94 (m, 1H); 13C NMR (100 MHz, 
CDCl3): δ 169.7, 165.5, 164.7, 154.5, 150.8, 145.3, 138.2, 137.3, 131.0, 127.1, 123.3, 122.2, 119.2, 118.7, 
112.4, 111.6, 109.9, 109.7, 102.2, 76.2, 69.0, 68.5, 64.4, 56.3, 56.14, 56.11, 49.5, 35.9, 34.1, 25.4, 24.8; IR 
(neat, cm–1): 3386, 2991, 2937, 2841, 1711, 1691, 1656, 1609, 1512, 1464, 1431, 1269, 1218, 1133, 1046, 
858, 755, 664, 622, 574; [α]D26 = –150 (c 1.06, CHCl3); HRMS (ESI) m/z: calcd. for C32H36N2NaO11, 





































349 epi-350  
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with 349 (11.5 mg, 
18.0 µmol), Me3SnOH (97.7 mg, 540 µmol), and dry 1,2-dichloroethane (500 µL). The resulting mixture 
was warmed to 80 °C and stirred for 4 days. The reaction mixture was cooled to room temperature and 
diluted with ethyl acetate. The mixture was washed once with saturated aqueous NH4Cl. The organic layer 
was washed with 0.01 M aqueous KHSO4 four times, dried over anhydrous sodium sulfate, and filtered. The 
filtrate was concentrated under reduced pressure to give a crude material, which was used in the next step 
without further purification. Rf = 0.17 (ethyl acetate-MeOH = 8:1); 1H NMR (400 MHz, CDCl3): δ 7.73 (dd, 
1H, J = 8.8, 2.4 Hz), 7.27 (d, 1H, J = 2.4 Hz), 6.99 (d, 1H, J = 8.8 Hz), 6.92–6.83 (m, 3H), 6.46–6.41 (m, 
1H), 6.30 (d, 1H, J = 7.6 Hz), 5.50 (d, 1H, J = 2.4 Hz), 5.04 (dd, 1H, J = 7.6, 7.6 Hz), 4.66–4.60 (m, 2H), 
4.36 (d, 1H, J = 1.2 Hz), 4.20 (dd, 1H, J = 12.0, 5.6 Hz), 3.97 (s, 3H), 3.75 (s, 3H), 3.17 (s, 3H), 3.09 (s, 
3H), 2.78 (dd, 1H, J = 13.6, 5.6 Hz), 1.43 (s, 3H), 1.11 (s, 3H), 0.90 (dd, 1H, J = 13.6, 12.0 Hz); 13C NMR 
(100 MHz, CDCl3): δ 169.1, 165.9, 162.5, 153.6, 151.0, 145.6, 145.0, 144.5, 135.5, 131.3, 126.4, 124.1, 
122.4, 119.9, 117.8, 113.8, 112.3, 111.2, 105.8, 102.1, 76.4, 68.5, 68.4, 62.9, 58.5, 56.1, 56.0, 49.5, 36.1, 
33.8, 25.4, 24.8; IR (neat, cm–1): 3417, 2991, 2934, 2849, 1696, 1657, 1610, 1512, 1464, 1431, 1270, 1217, 
1200, 1137, 1046, 852, 755, 622; [α]D22 = –198 (c 1.01, CHCl3); HRMS (ESI) m/z: calcd. for C32H37N2O11, 
625.2392 [M++H]; found, 625.2384. 
 






































    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with the crude 
seco-acid epi-350 (3.6 mg, 5.8 µmol) and dry THF (1.16 mL). To the solution were added PMe3 (0.0768 M 
toluene solution, 375 µL, 28.8 µmol) and DEAD (0.0768 M toluene solution, 375 µL, 28.8 µmol). The 
resulting mixture was stirred at room temperature for 30 min, after which time TLC (ethyl acetate-MeOH = 
8:1) indicated complete consumption of epi-350. The solvents were evaporated to give a crude material, 
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which was purified by silica gel column chromatography (hexanes-ethyl acetate = 1:1, then ethyl acetate) to 
afford acetal 354 (2.6 mg, 4.3 µmol, 74%) as a colorless solid. Rf = 0.39 (ethyl acetate); 1H NMR (600 MHz, 
CDCl3): δ 7.79 (dd, 1H, J = 8.4, 2.4 Hz), 7.15 (d, 1H, J = 2.4 Hz), 7.04 (d, 1H, J = 8.4 Hz), 7.04–7.02 (m, 
1H), 7.01 (d, 1H, J = 1.8 Hz), 6.99 (d, 1H, J = 9.0 Hz), 6.54 (dd, 1H, J = 6.0, 1.2 Hz), 6.10–6.05 (m, 2H), 
5.80 (ddd, 1H, J = 10.5, 6.0, 3.3 Hz), 5.63–5.60 (m, 1H), 5.40 (d, 1H, J = 3.6 Hz), 4.50 (dd, 1H, J = 3.6, 0.9 
Hz), 4.09 (dd, 1H, J = 12.0, 5.4 Hz), 4.02 (s, 3H), 3.74 (s, 3H), 3.36 (s, 3H), 3.03 (s, 3H), 2.50 (dd, 1H, J = 
13.2, 5.4 Hz), 1.50–1.44 (m, 1H), 1.42 (s, 3H), 1.10 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 165.4, 163.2, 
163.0, 154.0, 151.9, 147.4, 143.2, 140.5, 136.0, 131.2, 126.1, 125.6, 124.8, 122.0, 121.4, 115.6, 113.0, 
111.7, 111.1, 102.1, 90.1, 76.6, 68.0, 59.1, 58.3, 56.3, 56.1, 49.5, 37.0, 35.1, 25.6, 24.9; IR (neat, cm–1): 
2988, 2937, 2847, 1729, 1660, 1605, 1510, 1457, 1276, 1262, 1218, 1176, 1127, 1047, 931, 756; [α]D26 = 
–39.1 (c 0.581, CHCl3); HRMS (ESI) m/z: calcd. for C32H34N2NaO10, 629.2106 [M++Na]; found, 629.2090. 
 






















245 361  
    A 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with a three-way stopcock was charged with N-methylglycine methyl ester·HCl (406 mg, 3.02 
mmol) and dry CH2Cl2 (9.4 mL). To the solution were added Et3N (1.12 mL, 8.04 mmol) and BOP-Cl (640 
mg, 2.51 mmol). To the resulting mixture was added dry CH2Cl2 (9.4 mL) solution of 245 (561 mg, 1.26 
mmol) dropwise over 15 min, and the mixture was stirred at room temperature for 3 h, after which time TLC 
(CH2Cl2-MeOH = 10:1) indicated complete consumption of 245. The reaction was quenched with saturated 
aqueous NaHCO3 and the aqueous layer was extracted with ethyl acetate four times. The combined organic 
extracts were washed with 2 M aqueous HCl and brine. The organic layer was dried over anhydrous sodium 
sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude material, which 
was purified by silica gel column chromatography (hexanes-ethyl acetate = 1:1) to afford amide 361 (638 
mg, 1.20 mmol, 95%) as a colorless solid. mp = 83.1–85.3 °C; Rf = 0.33 (hexanes-ethyl acetate = 1:1); 1H 
NMR (400 MHz, CDCl3): δ 7.39–7.27 (m, 5H), 6.34–6.21 (m, 2H), 5.26 (d, 0.4H, J = 12.8 Hz), 5.25 (d, 
0.05H, J = 12.0 Hz), 5.12–4.70 (m, 5.45H), 4.66 (dd, 0.4H, J = 7.8, 7.8 Hz), 4.63 (d, 0.05H, J = 18.4 Hz), 
4.56 (dd, 0.05H, J = 8.4, 4.4 Hz), 4.42 (dd, 0.05H, J = 8.6, 4.6 Hz), 4.36 (d, 0.5H, J = 17.6 Hz), 4.08 (d, 
0.05H, J = 18.8 Hz), 3.89 (d, 0.05H, J = 18.8 Hz), 3.78 (s, 0.15H), 3.73 (s, 1.2H), 3.70 (s, 1.5H), 3.67 (s, 
0.15H), 3.60 (d, 0.5H, J = 17.6 Hz), 3.58 (d, 0.4H, J = 18.4 Hz), 3.35 (d, 0.05H, J = 18.4 Hz), 3.15 (s, 1.2H), 
3.13–3.00 (m, 0.9H), 3.03 (s, 0.15H), 2.95 (s, 1.5H), 2.93–2.82 (m, 0.1H), 2.79 (s, 0.15H), 2.70–2.53 (m, 
1H), 0.86–0.77 (m, 9H), 0.01 (s, 1.65H), –0.01 (s, 0.15H), –0.03 (s, 1.5H), –0.08 (s, 1.2H), –0.09 (s, 0.15H), 
–0.13 (s, 1.2H), –0.15 (s, 0.15H); 13C NMR (100 MHz, CDCl3): δ 171.9, 171.7, 171.6, 169.0, 168.8, 168.6, 
168.5, 154.4, 154.0, 153.9, 153.3, 144.8, 144.6, 144.5, 135.9, 135.7, 135.6, 135.5, 134.3, 134.0, 133.8, 127.8, 
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127.7, 127.6, 127.53, 127.48, 127.42, 127.38, 127.3, 119.6, 119.0, 118.0, 117.3, 105.2, 104.8, 67.2, 66.5, 
66.4, 66.2, 65.8, 65.5, 64.9, 64.6, 64.2, 63.9, 57.9, 57.1, 56.7, 56.2, 51.63, 51.55, 51.2, 50.6, 50.1, 48.9, 48.7, 
35.4, 35.3, 34.8, 34.5, 32.8, 32.0, 31.7, 30.8, 25.1, 17.3, 17.23, 17.18, –5.0, –5.1, –5.2, –5.6; IR (neat, cm–1): 
2953, 2928, 2895, 2855, 1751, 1713, 1665, 1642, 1405, 1353, 1254, 1212, 1113, 1084, 958, 898, 836, 754, 


























    A 10-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic stirring bar, a 
rubber septum, and a reflux condenser was charged with 361 (104 mg, 196 µmol), Pd(OAc)2 (1.1 mg, 4.9 
µmol), Et3N (1.4 µL, 10 µmol), and dry CH2Cl2 (650 µL). After stirring at reflux for 8 min, to the mixture 
was added Et3SiH (78.4 µL, 491 µmol) dropwise. The resulting mixture was stirred at reflux for 5 h, after 
which time TLC (hexanes-ethyl acetate = 2:1) indicated complete consumption of 361. The reaction mixture 
was cooled to room temperature, diluted with CH2Cl2, and treated with saturated aqueous NaHCO3. The 
aqueous layer was extracted with CH2Cl2 five times. The combined organic extracts were dried over 
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude 
material, which was purified by silica gel column chromatography (hexanes-ethyl acetate = 4:1, then ethyl 
acetate) to afford diketopiperazine 362 (54.0 mg, 148 µmol, 75%) as a colorless solid and the mixture of 
byproducts as a colorless oil. The mixture was further separated by preparative TLC (hexanes-ethyl acetate 
= 4:1) to afford diketopiperazine 362 (13.5 mg, 37 µmol, 19%) as a colorless solid. Rf = 0.47 (ethyl 
acetate-MeOH = 10:1); 1H NMR (400 MHz, CDCl3): δ 6.48 (dd, 1H, J = 2.0, 2.0 Hz), 6.33 (d, 1H, J = 7.6 
Hz), 5.00 (ddd, 1H, J = 7.6, 2.0, 1.0 Hz), 4.91 (dd, 1H, J = 7.6, 7.6 Hz), 4.84–4.80 (m, 1H), 4.23 (ddd, 1H, J 
= 11.2, 6.8, 2.0 Hz), 4.15 (dd, 1H, J = 17.4, 2.0 Hz), 3.81 (d, 1H, J = 17.4 Hz), 3.05–2.96 (m, 1H), 3.005 (s, 
3H), 2.72 (dddd, 1H, J = 14.6, 11.2, 2.0, 2.0 Hz), 0.83 (s, 9H), 0.04 (s, 3H), 0.02 (s, 3H); 13C NMR (100 
MHz, CDCl3): δ 166.6, 161.9, 145.1, 135.2, 112.4, 106.5, 66.8, 63.2, 57.7, 53.4, 34.1, 33.4, 25.7, 17.8, –4.2, 
–4.5; IR (neat, cm–1): 2953, 2928, 2856, 1668, 1462, 1445, 1298, 1256, 1203, 1139, 1087, 965, 908, 837, 





















362 363  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 362 
(68.0 mg, 187 µmol) and TBAF (1 M THF solution, 205 µL, 0.21 mmol). The solution was stirred at room 
temperature for 7.5 h, after which time TLC (ethyl acetate-MeOH = 10:1) indicated complete consumption 
of 362. The reaction mixture was purified by silica gel column chromatography (ethyl acetate-MeOH = 8:1) 
to afford alcohol 363 (45.3 mg, 181 µmol, 97%) as a colorless solid. mp = 193–199 °C; Rf = 0.24 (ethyl 
acetate-MeOH = 10:1); 1H NMR (400 MHz, CDCl3): δ 6.57 (br s, 1H), 6.39 (d, 1H, J = 7.6 Hz), 5.08 (dd, 
1H, J = 7.6, 7.6 Hz), 4.94–4.88 (m, 2H), 4.37 (dd, 1H, J = 10.2, 6.8 Hz), 4.25 (dd, 1H, J = 17.2, 1.8 Hz), 
3.83 (d, 1H, J = 17.2 Hz), 3.06 (dd, 1H, J = 14.0, 6.8 Hz), 3.00 (s, 3H), 2.82–2.71 (m, 1H), 1.71 (d, 1H, J = 
7.6 Hz); 13C NMR (100 MHz, CDCl3): δ 166.2, 162.0, 145.2, 135.8, 113.2, 105.7, 66.4, 62.8, 57.9, 53.2, 
33.8, 33.3; IR (neat, cm–1): 3394, 3005, 2917, 1655, 1465, 1340, 1301, 1203, 1138, 1053, 749, 671; [α]D23 = 





















363 364  
    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged with 
363 (157 mg, 627 µmol), PhI(OAc)2 (242 mg, 751 µmol), and dry CH2Cl2 (12.5 mL). To the solution was 
added nor-AZADO (6.5 mg, 48 µmol), and the reaction mixture was stirred at room temperature. Since TLC 
(CH2Cl2-MeOH = 20:1, developed twice) indicated incomplete consumption of 363 after 12 h, PhI(OAc)2 
(60.5 mg, 187 µmol) and Nor-AZADO (3.3 mg, 24 µmol) were added to the flask. The mixture was stirred 
for additional 9 h, after which time TLC (CH2Cl2-MeOH = 20:1, developed twice) indicated complete 
consumption of 363. The reaction mixture was treated with saturated aqueous NaHCO3, and the aqueous 
layer was extracted with CHCl3 five times. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by silica gel column chromatography (ethyl acetate-MeOH = 15:1, then 10:1) to afford 
vinylogous lactone 364 (133 mg, 535 µmol, 86%) as a colorless solid. Rf = 0.19 (CH2Cl2-MeOH = 10:1); 1H 
NMR (400 MHz, CDCl3): δ 7.04 (d, 1H, J = 8.0 Hz), 6.85 (ddd, 1H, J = 3.2, 3.2, 1.6 Hz), 5.66 (d, 1H, J = 
8.0 Hz), 5.47 (d, 1H, J = 1.6 Hz), 4.41 (dd, 1H, J = 17.6, 2.0 Hz), 4.26–4.17 (m, 1H), 3.92 (d, 1H, J = 17.6 
Hz), 3.13 (dddd, 1H, J = 16.0, 7.2, 1.6, 1.6 Hz), 3.03 (s, 3H), 2.99 (dddd, 1H, J = 16.0, 11.2, 2.8, 1.6 Hz); 
13C NMR (100 MHz, CDCl3): δ 180.1, 165.4, 162.2, 153.4, 137.8, 115.4, 107.8, 66.8, 56.9, 53.1, 33.5, 32.1; 
IR (neat, cm–1): 3010, 2932, 1687, 1664, 1604, 1457, 1405, 1338, 1288, 1209, 1055, 751, 581, 524; [α]D23 = 
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–78 °C, 1.2 h
93%364 360  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
364 (22.4 mg, 90.2 µmol) and CH2Cl2 (1.8 mL). To the solution was added CeCl3·7H2O (1.00 M EtOH 
solution, 450 µL, 0.450 mmol), and the mixture was cooled to –78 °C. After stirring for 20 min, to the 
mixture was added NaBH4 (1.80 M EtOH solution, 100 µL, 0.180 mmol), and the resulting mixture was 
stirred at –78 °C for 30 min. To the reaction mixture was added additional NaBH4 (1.80 M EtOH solution, 
100 µL, 0.180 mmol). After stirring for additional 40 min, the reaction was quenched with saturated 
aqueous NH4Cl, and the resulting mixture was allowed to warm to room temperature. The aqueous layer 
was extracted twice with ethyl acetate and extracted with CHCl3 three times. The combined organic extracts 
were dried over anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure 
to give a crude material, which was purified by flash silica gel column chromatography (CH2Cl2-MeOH = 
15:1) to afford alcohol 360 (21.0 mg, 83.9 µmol, 93%) as a pale brown solid. Rf = 0.19 (CH2Cl2-MeOH = 
10:1); 1H NMR (400 MHz, CDCl3): δ 6.52 (dd, 1H, J = 2.4, 2.4 Hz), 6.18 (dd, 1H, J = 8.4, 2.0 Hz), 5.30 (d, 
1H, J = 4.0 Hz), 4.93–4.85 (m, 2H), 4.35 (dddd, 1H, J = 8.0, 4.0, 2.0, 2.0 Hz), 4.29 (dd, 1H, J = 17.6, 2.0 
Hz), 4.23 (ddd, 1H, J = 11.6, 7.1, 2.0 Hz), 3.96 (d, 1H, J = 17.6 Hz), 3.07–2.97 (m, 1H), 3.02 (s, 3H), 2.79 
(dddd, 1H, J = 14.3, 11.6, 2.4, 2.4 Hz); 13C NMR (100 MHz, CDCl3): δ 165.1, 165.0, 138.2, 137.6, 110.2, 
109.7, 70.6, 64.4, 56.3, 52.7, 34.8, 33.3; IR (neat, cm–1): 3261, 2910, 2835, 1689, 1651, 1637, 1483, 1341, 
1290, 1133, 751, 723; [α]D25 = –472 (c 1.47, CHCl3); HRMS (ESI) m/z: calcd. for C12H14N2NaO4, 273.0846 
[M++Na]; found, 273.0845. 
 
















334 359  
    A 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged with 
334 (627 mg, 1.98 mmol), 1,4-dioxane (3.8 mL), MeOH (3.8 mL), and H2O (3.8 mL). To the solution was 
added 2 M aqueous NaOH (2.1 mL) dropwise at room temperature, and the resulting mixture was stirred for 
19 h, after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption of 334. The 
reaction mixture was cooled to 0 °C and acidified with 1 M aqueous HCl. The resulting mixture was 
extracted with ethyl acetate three times. The combined organic extracts were washed with brine, dried over 
anhydrous sodium sulfate, and filtered. The organic solvents were removed under reduced pressure to give 
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the crude carboxylic acid 359 (590 mg, 1.95 mmol, 98%) as a colorless solid, which was used in the next 
step without further purification. mp = 199–202 °C; Rf = 0.38 (CH2Cl2-MeOH = 10:1); 1H NMR (400 MHz, 
CDCl3): δ 9.80 (s, 1H), 7.93 (dd, 1H, J = 8.8, 2.0 Hz), 7.64 (dd, 1H, J = 8.8, 2.0 Hz), 7.58 (d, 1H, J = 2.0 
Hz), 7.30 (d, 1H, J = 2.0 Hz), 7.11 (d, 1H, J = 8.8 Hz), 7.05 (d, 1H, J = 8.8 Hz), 3.97 (s, 3H), 3.92 (s, 3H); 
13C NMR (100 MHz, d6-acetone): δ 191.1, 167.1, 156.5, 155.6, 147.4, 145.5, 131.2, 128.7, 127.8, 124.4, 
121.0, 117.6, 113.5, 113.3, 56.6, 56.5; IR (neat, cm–1): 2938, 2844, 2816, 2724, 2531, 1682, 1608, 1572, 
1509, 1436, 1266, 1227, 1123, 1011, 794, 764, 629; HRMS (ESI) m/z: calcd. for C16H15O6, 303.0863 
[M++H]; found, 303.0861. 
 
(5aS,6S,11aS)-(–)-2-Methyl-1,4-dioxo-1,2,3,4,5a,6,11,11a-octahydrooxepino[3',4':4,5]pyrrolo[1,2-a] 


































    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 360 
(66.0 mg, 0.264 mmol), the crude carboxylic acid 359 (319 mg, 1.06 mmol), and dry CH2Cl2 (1.3 mL). To 
the suspension were added WSCD (253 mg, 1.32 mmol) and DMAP (7.4 mg, 0.061 mmol). The resulting 
mixture was stirred at room temperature for 3 days, after which time TLC (CH2Cl2-MeOH = 10:1) indicated 
complete consumption of 360. The reaction was quenched with saturated aqueous NaHCO3, and the aqueous 
layer was extracted with ethyl acetate three times. The combined organic extracts were washed with 
saturated aqueous NaHCO3, 1 M aqueous HCl, and brine. The organic layer was dried over anhydrous 
sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by silica gel column chromatography (ethyl acetate, then CH2Cl2-MeOH = 20:1) to 
afford ester 246 (141 mg, 0.264 mmol, quant) as a colorless amorphous. Rf = 0.27 (CH2Cl2-MeOH = 10:1); 
1H NMR (400 MHz, CDCl3): δ 9.79 (s, 1H), 7.96 (dd, 1H, J = 8.4, 2.0 Hz), 7.66 (d, 1H, J = 1.6 Hz), 7.60 
(dd, 1H, J = 8.4, 2.0 Hz), 7.23 (d, 1H, J = 1.6 Hz), 7.10 (d, 1H, J = 8.4 Hz), 7.04 (d, 1H, J = 8.4 Hz), 6.58 
(dd, 1H, J = 2.4, 1.6 Hz), 6.30 (dd, 1H, J = 8.4, 2.4 Hz), 5.56 (ddd, 1H, J = 8.4, 2.4, 1.6 Hz), 5.26 (dd, 1H, J 
= 8.4, 2.0 Hz), 4.80 (dd, 1H, J = 8.4, 2.0 Hz), 4.31 (dd, 1H, J = 11.6, 6.4 Hz), 4.01–3.94 (m, 1H), 4.00 (s, 
3H), 3.89 (s, 3H), 3.73 (dd, 1H, J = 17.0, 1.1 Hz), 3.07 (dddd, 1H, J = 15.0, 6.4, 1.6, 1.6 Hz), 2.94 (s, 3H), 
2.81–2.71 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 190.3, 165.3, 164.7, 161.0, 155.1, 155.0, 146.8, 143.8, 
140.4, 137.6, 129.8, 128.0, 127.8, 122.2, 121.7, 115.8, 112.7, 111.8, 111.6, 104.3, 68.2, 60.6, 56.1, 55.9, 
52.6, 34.7, 33.0; IR (neat, cm–1): 3012, 2936, 2842, 1696, 1683, 1671, 1605, 1508, 1437, 1273, 1132, 1119, 
1017, 752, 575; [α]D25 = –78.1 (c 1.19, CHCl3); HRMS (ESI) m/z: calcd. for C28H26N2NaO9, 557.1531 
[M++Na]; found, 557.1516. 
 
 117 

































    A flame-dried 10-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar, a rubber septum, and an inlet adapter with a three-way stopcock was charged with 246 (25.0 mg, 
46.8 µmol), THF (11.7 mL), and TBAF (1 M THF solution, 234 µL, 0.23 mmol). The solution was stirred at 
room temperature for 20 min. The reaction mixture was passed through a short pad of silica gel using ethyl 
acetate-MeOH = 10:1 as an eluent. The filtrate was concentrated under reduced pressure to give a crude 
material, which was purified by preparative TLC (CH2Cl2-MeOH = 20:1) to afford starting material 246 (ca. 
3.6 mg, ca. 6.7 µmol, ca. 14%) as a colorless solid and alcohol 235 (17.8 mg, 33.3 µmol, 71%) as a colorless 
solid. mp = 207–212 °C; Rf = 0.52 (ethyl acetate-MeOH = 10:1); 1H NMR (400 MHz, CDCl3): δ 8.20 (d, 1H, 
J = 2.0 Hz), 7.84 (dd, 1H, J = 8.4, 2.0 Hz), 7.47 (d, 1H, J = 2.0 Hz), 7.03 (d, 1H, J = 8.4 Hz), 7.01 (d, 1H, J 
= 8.4 Hz), 6.85 (dd, 1H, J = 8.4, 2.0 Hz), 6.50 (br s, 1H), 6.22 (dd, 1H, J = 8.4, 2.0 Hz), 5.32–5.23 (m, 1H), 
5.13 (dd, 1H, J = 9.2, 1.8 Hz), 5.04 (ddd, 1H, J = 9.2, 2.0, 2.0 Hz), 4.84 (dd, 1H, J = 8.4, 2.0 Hz), 4.26 (dd, 
1H, J = 10.8, 8.0 Hz), 4.10 (d, 1H, J = 2.0 Hz), 3.96 (s, 3H), 3.93 (s, 3H), 3.15 (s, 3H), 3.10 (dd, 1H, J = 
11.8, 8.2 Hz), 2.93 (br s, 1H), 2.80–2.68 (m, 1H); 13C NMR (150 MHz, CDCl3): δ 168.1, 166.0, 161.7, 154.7, 
149.4, 144.3, 143.7, 139.8, 137.1, 130.5, 125.8, 120.8, 120.2, 119.5, 114.2, 112.6, 112.5, 111.9, 106.4, 72.0, 
70.54, 70.49, 61.5, 56.7, 56.05, 55.97, 35.8, 32.5; IR (neat, cm–1): 3369, 3014, 2934, 2840, 1711, 1667, 1654, 
1515, 1442, 1269, 1200, 1175, 1130, 1022, 751, 576; [α]D23 = –422 (c 1.54, CHCl3); HRMS (ESI) m/z: calcd. 
for C28H26N2NaO9, 557.1531 [M++Na]; found, 557.1517. 
 



































    A 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with alcohol 235 
(4.1 mg, 7.7 µmol) and dry THF (80 µL). To the solution were added AcOH (0.077 M THF solution, 20 µL, 
15 µmol), PMe3 (15.4 µL, 149 µmol), and DEAD (2.2 M toluene solution, 7.0 µL, 15 µmol), and the 
resulting mixture was stirred at room temperature. After stirring for 2 h, to the test tube were added 
additional AcOH (0.077 M THF solution, 80 µL, 62 µmol), PMe3 (61.6 µL, 598 µmol), and DEAD (2.2 M 
toluene solution, 28.0 µL, 62 µmol). Since TLC (ethyl acetate) indicated incomplete consumption of 235 
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after additional stirring for 12 h, additional AcOH (0.077 M THF solution, 80 µL, 62 µmol), PMe3 (61.6 µL, 
598 µmol), and DEAD (2.2 M toluene solution, 28.0 µL, 62 µmol) were added to the mixture. After 
additional stirring for 6 h, the reaction mixture was diluted with ethyl acetate and transferred to a 20-mL 
round-bottomed flask. The solvents were evaporated to give a crude material, which was purified by 
preparative TLC (ethyl acetate) to afford alcohol 235 (0.2 mg, 0.4 µmol, 5%) as a colorless solid and acetate 
366 (3.2 mg, 5.6 µmol, 72%) as a colorless solid. Rf = 0.34 (ethyl acetate); 1H NMR (600 MHz, CDCl3): 
δ 8.17 (d, 1H, J = 1.8 Hz), 7.86 (dd, 1H, J = 8.4, 1.8 Hz), 7.11 (d, 1H, J = 1.8 Hz), 7.05 (d, 1H+1H, J = 8.4 
Hz), 6.94 (dd, 1H, J = 8.4, 1.8 Hz), 6.55–6.52 (m, 1H), 6.39 (d, 1H, J = 3.0 Hz), 6.25 (dd, 1H, J = 8.4, 1.8 
Hz), 5.18 (dd, 1H, J = 9.0, 1.8 Hz), 5.10 (ddd, 1H, J = 9.0, 1.8, 1.8 Hz), 4.86 (dd, 1H, J = 8.4, 1.8 Hz), 4.23 
(d, 1H, J = 3.0 Hz), 4.20 (dd, 1H, J = 11.1, 7.2 Hz), 3.98 (s, 3H), 3.94 (s, 3H), 3.17–3.11 (m, 1H), 3.12 (s, 
3H), 2.77 (dddd, 1H, J = 15.6, 11.1, 1.8, 1.2 Hz), 1.96 (s, 3H); 13C NMR (150 MHz, CDCl3): δ 168.9, 166.6, 
165.7, 161.0, 154.8, 149.8, 144.5, 143.6, 139.9, 137.2, 126.3, 126.1, 120.3, 120.09, 120.06, 113.5, 112.9, 
112.2, 112.1, 106.3, 71.1, 70.3, 69.8, 61.6, 56.4, 56.1, 56.0, 36.2, 32.6, 20.7; IR (neat, cm–1): 3016, 2938, 
2840, 1750, 1714, 1670, 1604, 1518, 1435, 1405, 1338, 1273, 1227, 1201, 1176, 1134, 1024, 751, 664, 607, 
580; [α]D26 = –426 (c 1.09, CHCl3); HRMS (ESI) m/z: calcd. for C30H28N2NaO10, 599.1636 [M++Na]; found, 
599.1625. 
 



































    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
alcohol 235 (9.9 mg, 19 µmol) and CH2Cl2 (760 µL). To the solution were added Et3N (25.8 µL, 185 µmol), 
DMAP (1.3 mg, 11 µmol), and Ac2O (8.8 µL, 93 µmol). The resulting mixture was stirred at room 
temperature for 1.5 h, after which time TLC (ethyl acetate) indicated complete consumption of alcohol 235. 
The reaction mixture was treated with saturated aqueous NaHCO3. The resulting mixture was extracted with 
ethyl acetate three times and extracted once with CHCl3. The combined organic extracts were dried over 
anhydrous sodium sulfate and filtered. The organic solvents were removed under reduced pressure to give 
the crude acetate, which was purified by preparative TLC (ethyl acetate) to afford acetate 366 (8.9 mg, 15 
µmol, 83%) as a colorless solid. 
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8. Total synthesis of (+)-MPC1001B 
(–)-Benzyl ketone 247. 
AZADO (20 mol%)
PhI(OAc)2 (3.0 equiv)






























    A 7-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 235 
(6.5 mg, 12 µmol) and CH2Cl2 (160 µL). The pale yellow solution turned to a white suspension by stirring. 
To the mixture were added pH 7.4 phosphate buffer (160 µL), PhI(OAc)2 (4.7 mg, 15 µmol), and AZADO 
(0.061 M CH2Cl2 solution, 20 µL, 1.2 µmol), and the reaction mixture was stirred vigorously at room 
temperature. To the test tube were added additional PhI(OAc)2 (2.4 mg, 7.5 µmol) and AZADO (0.061 M 
CH2Cl2 solution, 10 µL, 0.61 µmol) after 2.8 h. Since TLC (hexanes-ethyl acetate = 1:1) indicated 
incomplete consumption of 235 after additional 2.5 h, additional PhI(OAc)2 (2.4 mg, 7.5 µmol) and AZADO 
(0.061 M CH2Cl2 solution, 10 µL, 0.61 µmol) were added to the mixture. The mixture was stirred for 
additional 1.5 h, after which time TLC (hexanes-ethyl acetate = 1:1) indicated complete consumption of 235. 
The reaction mixture was treated with saturated aqueous Na2SO3. The aqueous layer was extracted with 
CHCl3 three times and extracted twice with ethyl acetate. The combined organic extracts were dried over 
anhydrous sodium sulfate and filtered. The filtrate was concentrated under reduced pressure to give a crude 
material,63 which was purified by preparative TLC (CH2Cl2-MeOH = 20:1) to afford ketone 247 (5.1 mg, 9.6 
µmol, 79%) as a colorless solid.  
Major isomer: Rf = 0.60 (CH2Cl2-MeOH = 10:1); 1H NMR (400 MHz, CDCl3): δ 8.01 (d, 1H, J = 2.0 Hz), 
7.82 (dd, 1H, J = 8.8, 2.0 Hz), 7.80 (dd, 1H, J = 8.8, 2.0 Hz), 7.43 (d, 1H, J = 2.0 Hz), 7.16 (d, 1H, J = 8.8 
Hz), 7.04 (d, 1H, J = 8.8 Hz), 6.56 (dd, 1H, J = 2.0, 2.0 Hz), 6.23 (dd, 1H, J = 8.6, 2.4 Hz), 5.40 (dd, 1H, J = 
8.2, 2.4 Hz), 5.22 (s, 1H), 4.92 (dd, 1H, J = 8.6, 2.0 Hz), 4.68 (ddd, 1H, J = 8.2, 2.4, 2.0 Hz), 4.16 (dd, 1H, J 
= 11.0, 7.2 Hz), 4.02 (s, 3H), 4.00 (s, 3H), 3.07 (dddd, 1H, J = 15.2, 7.2, 1.4, 1.4 Hz), 2.95 (s, 3H), 2.84 
(dddd, 1H, J = 15.2, 11.0, 2.0, 2.0 Hz); 13C NMR (100 MHz, CDCl3): δ 189.6, 168.3, 165.3, 160.1, 156.2, 
153.8, 145.6, 144.5, 138.4, 137.6, 126.9, 126.6, 125.7, 122.6, 122.4, 118.3, 112.8, 112.0, 110.8, 106.2, 73.0, 
72.9, 60.2, 57.5, 56.2, 56.1, 35.3, 33.6; IR (neat, cm–1): 3014, 2930, 2848, 1716, 1682, 1607, 1516, 1272, 
1200, 1173, 1121, 1017, 756, 569; [α]D24 = –141 (c 0.354, CHCl3); HRMS (ESI) m/z: calcd. for 



















* d.r. = 4:1   
Major isomer: Rf = 0.36 (CH2Cl2-ethyl acetate = 10:1); 1H NMR (600 MHz, CDCl3): δ 8.62 (d, 1H, J = 1.8 
Hz), 8.27 (d, 1H, J = 1.8 Hz), 7.95 (dd, 1H, J = 8.4, 1.8 Hz), 7.94 (dd, 1H, J = 8.4, 1.8 Hz), 7.07 (d, 1H, J = 
8.4 Hz), 7.03 (d, 1H, J = 8.4 Hz), 6.57 (dd, 1H, J = 2.4, 2.4 Hz), 6.25 (dd, 1H, J = 8.4, 1.8 Hz), 5.23 (dd, 1H, 
J = 7.8 Hz), 5.14 (ddd, 1H, J = 8.4, 1.8, 1.8 Hz), 4.89 (dd, 1H, J = 8.4, 1.8 Hz), 4.63 (dd, 1H, J = 12.0, 6.6 
Hz), 4.02 (s, 3H), 4.00 (s, 3H), 3.10–3.04 (m, 1H), 3.06 (s, 3H), 2.92 (d, 2H, J = 12.6 Hz), 2.83–2.77 (m, 
1H), 2.03 (d, 1H, J = 12.6 Hz), 1.79–1.45 (m, 9H), 1.25 (d, 1H, J = 12.6 Hz), 0.20 (d, 1H, J = 13.2 Hz); 13C 
NMR (150 MHz, CDCl3): δ 187.5, 170.0, 165.6, 160.9, 155.3, 154.1, 143.4, 141.9, 139.6, 137.3, 128.9, 
127.0, 126.5, 121.5, 121.0, 118.7, 111.9, 111.0, 110.0, 106.2, 95.3, 73.0, 59.1, 58.5, 56.41, 56.38, 56.2, 55.4, 
36.9, 36.8, 35.8, 35.7, 31.9, 29.6, 29.3, 25.6, 25.4; IR (neat, cm–1): 3017, 2930, 2852, 1712, 1674, 1603, 
1511, 1442, 1375, 1332, 1272, 1251, 1208, 1126, 1099, 1022, 999, 760, 750, 574, 521; [α]D25 = –212 (c 
0.416, CHCl3); HRMS (ESI) m/z: calcd. for C37H38N3O10, 684.2552 [M++H]; found, 684.2542. 
Minor isomer: Rf = 0.30 (CH2Cl2-ethyl acetate = 10:1); 1H NMR (400 MHz, CDCl3): δ 7.98 (dd, 1H, J = 8.4, 
2.0 Hz), 7.80 (dd, 1H, J = 8.4, 1.8 Hz), 7.58 (d, 1H, J = 1.6 Hz), 7.13 (d, 1H, J = 1.2 Hz), 7.03 (d, 1H, J = 
8.4 Hz), 7.01 (d, 1H, J = 8.4 Hz), 6.56 (dd, 1H, J = 2.2, 2.2 Hz), 6.19 (dd, 1H, J = 8.4, 2.0 Hz), 5.16 (dd, 1H, 
J = 8.8, 1.6 Hz), 5.01 (ddd, 1H, J = 8.8, 2.0, 2.0 Hz), 4.80 (dd, 1H, J = 8.4, 2.0 Hz), 4.14 (dd, 1H, J = 12.0, 
5.6 Hz), 3.98 (s, 3H), 3.97 (s, 3H), 3.62 (brs, 1H), 3.15 (brs, 1H), 3.09–3.00 (m, 1H), 3.02 (s, 3H), 2.77–2.67 
(m, 1H), 2.55 (d, 1H, J = 12.4 Hz), 2.40 (d, 1H, J = 12.8 Hz), 2.06 (brs, 1H), 1.88–1.49 (m, 9H); HRMS 
















THF, –78 °C, 30 min;
TrSSSCl (1.6 equiv)


















    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar and a 
rubber septum was charged with 247 (6.94 mg, 13.0 µmol) and dry THF (420 µL) under an Ar atmosphere. 
The solution was cooled to –78 °C. After stirring for 20 min, LiHMDS (1.0 M THF solution, 15.6 µL, 16 
µmol) was added to the solution, and the resulting mixture was stirred at –78 °C for 30 min. To the mixture 
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was added TrSSSCl (0.066 M THF solution, 240 µL, 16 µmol), and the resulting mixture was stirred at 
–78 °C. Since TLC (ethyl acetate) indicated incomplete consumption of 247 after 10 min, additional 
TrSSSCl (0.066 M THF solution, 80.0 µL, 5 µmol) was added to the test tube. The mixture was stirred for 
additional 6 min, after which time TLC (ethyl acetate) indicated complete consumption of 247. The reaction 
was quenched with saturated aqueous NH4Cl, and the mixture was allowed to warm to room temperature. 
The aqueous layer was extracted with ethyl acetate three times and extracted twice with CHCl3. The 
combined organic extracts were dried over anhydrous sodium sulfate and filtered. The organic solvents were 
removed under reduced pressure to give a crude material, which was purified by silica gel column 
chromatography (hexanes-ethyl acetate = 3:2) to afford 374 (10.0 mg, 11.5 µmol, 88%) as a pale yellow 
solid. Rf = 0.32 (hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.74 (dd, 1H, J = 8.8, 2.0 Hz), 
7.50 (dd, 1H, J = 8.8, 2.0 Hz), 7.46 (d, 1H, J = 2.0 Hz), 7.37–7.24 (m, 15H), 7.22 (br s, 1H), 7.04 (d, 1H, J = 
8.8 Hz), 6.99 (d, 1H, J = 8.8 Hz), 6.60 (br s, 1H), 6.21 (dd, 1H, J = 8.6, 2.0 Hz), 5.22 (d, 1H, J = 9.0 Hz), 
4.95 (ddd, 1H, J = 9.0, 2.0, 2.0 Hz), 4.82 (dd, 1H, J = 8.6, 2.0 Hz), 4.22 (dd, 1H, J = 11.2, 6.8 Hz), 3.98 (s, 
3H), 3.96 (s, 3H), 3.15 (dd, 1H, J = 15.2, 6.8 Hz), 3.11–3.00 (m, 1H), 2.94 (s, 3H); 13C NMR (150 MHz, 
CDCl3): δ 191.8, 165.5, 159.1, 154.1, 153.9, 145.9, 144.1, 142.5, 139.5, 137.8, 130.2, 129.5, 128.1, 127.4, 
125.9, 124.7, 122.8, 121.4, 117.6, 112.0, 111.8, 111.6, 106.1, 89.3, 73.8, 70.1, 62.2, 56.5, 56.12, 56.07, 37.0, 
34.0; IR (neat, cm–1): 3019, 2928, 2850, 1715, 1677, 1608, 1515, 1271, 1254, 1200, 1174, 1122, 1023, 753, 
700; [α]D24 = –41.0 (c 0.693, CHCl3); HRMS (ESI) m/z: calcd. for C47H39N2O9S3, 871.1812 [M++H]; found, 
871.1778. 
 
 (–)-Compound 248. 
LiHMDS (1.1 equiv) 






























374 248  
    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar and a 
rubber septum was charged with 374 (12.9 mg, 14.8 µmol) and dry THF (550 µL) under an Ar atmosphere. 
The solution was cooled to –78 °C. After stirring for 25 min, LiHMDS (1.0 M THF solution, 16.3 µL, 16 
µmol) was added to the solution, and the resulting mixture was stirred at –78 °C for 10 min. To the mixture 
was added TrSSSCl (0.073 M THF solution, 300 µL, 22 µmol), and the resulting mixture was stirred at 
–78 °C. Since TLC (ethyl acetate) indicated incomplete consumption of 374 after additional stirring for 15 
min, additional TrSSSCl (0.073 M THF solution, 100 µL, 7.3 µmol) was added to the test tube. The mixture 
was stirred for additional 5 min, after which time TLC (ethyl acetate) indicated complete consumption of 
374. The reaction was quenched with saturated aqueous NH4Cl, and the mixture was allowed to warm to 
room temperature. The aqueous layer was extracted with ethyl acetate three times and extracted twice with 
CHCl3. The combined organic extracts were dried over anhydrous sodium sulfate and filtered. The organic 
solvents were removed under reduced pressure to give a crude material, which was purified by flash silica 
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gel column chromatography (hexanes-ethyl acetate = 2:1) to afford 248 (10.8 mg, 8.9 µmol, 60%) as a pale 
yellow solid. Rf = 0.45 (hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 8.47 (d, 1H, J = 2.4 
Hz), 8.21 (d, 1H, J = 2.0 Hz), 7.70 (dd, 1H, J = 8.8, 2.4 Hz), 7.53–7.40 (m, 1H), 7.35–7.14 (m, 24H), 
7.13–7.04 (m, 6H), 6.99 (d, 1H, J = 8.8 Hz), 6.97 (d, 1H, J = 8.8 Hz), 6.57–6.52 (m, 1H), 6.25 (dd, 1H, J = 
8.8, 2.0 Hz), 5.24 (ddd, 1H, J = 8.8, 2.0, 2.0 Hz), 4.82 (ddd, 1H, J = 8.8, 2.0, 2.0 Hz), 4.77 (dd, 1H, J = 8.8, 
2.0 Hz), 4.031 (s, 3H), 4.025 (s, 3H), 3.20 (ddd, 1H, J = 16.0, 2.0, 2.0 Hz), 2.97 (d, 1H, J = 16.0 Hz), 2.86 (s, 
3H); 13C NMR (150 MHz, CDCl3): δ 186.7, 165.2, 164.2, 162.5, 154.9, 154.0, 143.0, 142.9, 142.7, 142.2, 
140.9, 139.0, 130.2, 130.1, 128.5, 128.1, 128.04, 127.96, 127.4, 127.3, 127.1, 126.4, 122.0, 121.6, 113.1, 
111.9, 111.3, 105.3, 84.6, 78.0, 74.2, 73.0, 72.4, 62.2, 56.3, 56.2, 38.5, 34.0; IR (neat, cm–1): 3085, 3058, 
3019, 2932, 2841, 1713, 1682, 1604, 1516, 1442, 1335, 1275, 1253, 1202, 1132, 1122, 1023, 753, 699, 618; 


































374 375  
    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar and a 
rubber septum was charged with 374 (5.1 mg, 5.9 µmol) and dry THF (250 µL) under an Ar atmosphere. 
The solution was cooled to –78 °C. After stirring for 25 min, LiHMDS (1.0 M THF solution, 7.0 µL, 7.0 
µmol) was added to the solution, and the resulting mixture was stirred at –78 °C for 10 min. To the mixture 
was added additional LiHMDS (1.0 M THF solution, 7.0 µL, 7.0 µmol), and the resulting mixture was 
stirred at –78 °C for additional 8 min, after which time TLC (hexanes-ethyl acetate = 1:1) indicated 
complete consumption of 374. The reaction was quenched with saturated aqueous NH4Cl, and the mixture 
was allowed to warm to room temperature. The aqueous layer was extracted with ethyl acetate three times 
and extracted twice with CHCl3. The combined organic extracts were dried over anhydrous sodium sulfate 
and filtered. The organic solvents were removed under reduced pressure to give a crude material, which was 
purified by flash silica gel column chromatography (hexanes-ethyl acetate = 2:3) to afford 375 (2.07 mg, 
2.38 µmol, 41%) as a pale yellow solid. Rf = 0.28 (hexanes-ethyl acetate = 2:3); 1H NMR (400 MHz, 
CDCl3): δ 8.26 (d, 1H, J = 2.0 Hz), 7.93 (dd, 1H, J = 8.8, 2.0 Hz), 7.76–7.70 (m, 2H), 7.35–7.17 (m, 15H), 
7.10 (d, 1H, J = 8.8 Hz), 7.08 (d, 1H, J = 8.8 Hz), 6.56–6.53 (m, 1H), 6.28 (dd, 1H, J = 8.4, 2.4 Hz), 5.54 (s, 
1H), 5.06 (ddd, 1H, J = 8.4, 2.4, 2.4 Hz), 4.92 (ddd, 1H, J = 8.4, 1.2, 1.2 Hz), 4.80 (dd, 1H, J = 8.4, 1.2 Hz), 
4.04 (s, 3H), 3.99 (s, 3H), 3.07 (d, 1H, J = 16.4 Hz), 2.98 (ddd, 1H, J = 16.4, 2.4, 2.4 Hz), 2.95 (s, 3H); 13C 
NMR (100 MHz, CDCl3): δ 187.8, 165.8, 164.4, 162.9, 155.1, 155.0, 143.6, 143.4, 142.8, 141.5, 139.2, 
130.1, 129.5, 128.0, 127.4, 127.1, 124.3, 121.3, 119.7, 119.0, 114.1, 112.3, 111.9, 104.7, 76.2, 73.2, 72.9, 
69.6, 61.8, 56.25, 56.20, 37.9, 33.2; IR (neat, cm–1): 3082, 3058, 3017, 2932, 2841, 1697, 1670, 1605, 1516, 
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1362, 1336, 1271, 1130, 1120, 1018, 753, 699; [α]D27 = –251 (c 0.207, CHCl3); HRMS (ESI) m/z: calcd. for 












































    A flame-dried 300-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with S9 (1.00 g, 
5.95 mmol) and dry THF (52 mL) under an Ar atmosphere. The solution was cooled to 0 °C. After stirring 
for 30 min, LiHMDS (1.0 M THF solution, 6.5 mL, 6.5 mmol) was added to the solution, and the resulting 
mixture was stirred at 0 °C for 30 min. To the mixture was added aldehyde S10 (0.24 M THF solution, 26 
mL, 6.2 mmol) at –78 °C, and the resulting mixture was warmed to 0 °C. The mixture was stirred at 0 °C for 
30 min, after which time TLC (CH2Cl2-MeOH = 10:1) indicated complete consumption of S9. The reaction 
was quenched with saturated aqueous NH4Cl, and the mixture was allowed to warm to room temperature. 
The aqueous layer was extracted with ethyl acetate five times and CHCl3 three times. The combined organic 
extracts were dried over anhydrous sodium sulfate and filtered. The organic solvents were removed under 
reduced pressure to give a crude material, which was purified by silica gel column chromatography 
(CH2Cl2-MeOH = 10:1) to afford alcohol S11 as a diastereomeric mixture. 
    A 50-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with the above described diastereomeric mixture S11 and 
CH2Cl2 (19.8 mL). To the mixture were added PhI(OAc)2 (2.11 g, 6.55 mmol) and AZADO (45.0 mg, 0.296 
mmol), and the reaction mixture was stirred at room temperature for 12 h. Since TLC (CH2Cl2-MeOH = 
20:1, developed twice) indicated incomplete consumption of S10, additional AZADO (6.0 mg, 0.039 mmol) 
was added to the mixture. The mixture was stirred for additional 6 h, after which time TLC (CH2Cl2-MeOH 
= 20:1, developed twice) indicated complete consumption of S11. The reaction mixture was treated with 
saturated aqueous Na2SO3 at 0 °C. The aqueous layer was extracted with CH2Cl2 three times and extracted 
twice with ethyl acetate. The combined organic extracts were dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was purified 
by silica gel column chromatography (ethyl acetate, then CH2Cl2-MeOH = 15:1) to afford ketone S12 (1.66 
g, ca. 84% over 2 steps)* as a colorless solid. mp = 174–177 °C; Rf = 0.21 (ethyl acetate); 1H NMR (400 
MHz, CDCl3): δ 8.06 (dd, 1H, J = 8.4, 2.0 Hz), 7.74 (d, 1H, J = 2.0 Hz), 6.96 (d, 1H, J = 8.4 Hz), 5.49 (s, 
1H), 4.17 (dd, 1H, J = 10.2 Hz, 7.0 Hz), 3.96 (s, 3H), 3.95 (s, 3H), 3.59 (ddd, 1H, J = 12.4, 10.0, 7.6 Hz), 
3.42 (ddd, 1H, J = 12.4, 9.2, 2.8 Hz), 2.91 (s, 3H), 2.48–2.36 (m, 1H), 2.11–1.92 (m, 2H), 1.89–1.75 (m, 
1H); 13C NMR (100 MHz, CDCl3): δ 188.3, 169.6, 159.9, 154.7, 149.2, 126.9, 125.6, 111.4, 110.3, 71.2, 
                                                
* This product was concomitant with approximately 10% of impurity. The pure S12 was obtained by 
preparative TLC (CH2Cl2-MeOH = 40:1, developed three times)  
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59.2, 56.2, 56.0, 46.2, 33.3, 29.3, 22.6; IR (neat, cm–1): 3006, 2972, 2938, 1673, 1594, 1585, 1516, 
1443,1421, 1267, 1215, 1155, 1020, 812, 749, 666, 629, 602; [α]D27 = –98.5 (c 1.738, CHCl3); HRMS (ESI) 















































    A flame-dried 30-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with S2Cl2 (66.0 
µL, 0.825 mmol) and dry Et2O (6.0 mL) under an Ar atmosphere. The solution was cooled to –78 °C. To the 
mixture was added thiol S13 (0.18 M Et2O solution, 5.0 mL, 0.90 mmol) dropwise over 13 min, and the 
resulting mixture was gradually warmed to 0 °C over 1.7 h. The solvents were removed under reduced 
pressure at 0 °C to give a crude material, which was diluted with dry THF (4.13 mL) to afford chloride S14 
as a THF solution.     
    A flame-dried 50-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with S12 (120.8 
mg, 364 µmol) and dry THF (5.0 mL) under an Ar atmosphere. The solution was cooled to –78 °C. After 
stirring for 20 min, LiHMDS (1.0 M THF solution, 436 µL, 0.44 mmol) was added to the solution, and the 
resulting mixture was stirred at –78 °C for 30 min. To the mixture was added the above described THF 
solution of chloride S14 (3.3 mL), and the resulting mixture was stirred at 0 °C for 15 min, after which time 
TLC (ethyl acetate) indicated complete consumption of S12. The reaction was quenched with saturated 
aqueous NH4Cl at –78 °C, and the mixture was allowed to warm to room temperature. The aqueous layer 
was extracted with ethyl acetate three times. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered. The organic solvents were removed under reduced pressure to give a crude 
material, which was purified by flash silica gel column chromatography (hexanes-ethyl acetate = 1:2, then 
ethyl acetate) to afford pure 378 (115.7 mg, 0.169 mmol, 46%) as a pale yellow amorphous and a mixture of 
impurity and 378 (97.1 mg, <39%) as a pale yellow amorphous. Rf = 0.47 (ethyl acetate); 1H NMR (400 
MHz, CDCl3): δ 7.50 (d, 1H, J = 2.0 Hz), 7.46 (dd, 1H, J = 8.2, 2.0 Hz), 7.35–7.22 (m, 10H), 7.18 (d, 2H, J 
= 8.4 Hz), 7.11 (d, 2H, J = 8.4 Hz), 6.81 (d, 1H, J = 8.2 Hz), 4.34 (dd, 1H, J = 11.2, 5.6 Hz), 3.99–3.82 (m, 
1H), 3.92 (s, 3H), 3.88 (s, 3H), 3.48 (ddd, 1H, J = 12.8, 10.4, 3.2 Hz), 2.73–2.58 (m, 1H), 2.70 (s, 3H), 
2.40–2.26 (m, 1H), 2.35 (s, 3H), 2.23–2.11 (m, 1H), 2.03–1.90 (m, 1H); 13C NMR (100 MHz, CDCl3): δ 
188.4, 165.6, 159.2, 154.4, 149.4, 143.0, 140.0, 137.1, 130.2, 130.0, 128.7, 128.0, 127.2, 125.6, 122.8, 111.7, 
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110.3, 87.8, 73.3, 59.5, 56.1, 55.9, 46.2, 31.13, 31.08, 21.3, 20.9; IR (neat, cm–1): 3017, 2962, 2936, 1672, 
1592, 1515, 1457, 1444, 1417, 1376, 1270, 1251, 1213, 1172, 1146, 1020, 752, 700, 665; [α]D25 = –56.9 (c 












































    A flame-dried 100-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with S9 (450 mg, 
2.68 mmol) and dry THF (23.5 mL) under an Ar atmosphere. The solution was cooled to 0 °C. After stirring 
for 25 min, LiHMDS (1.0 M THF solution, 3.21 mL, 3.2 mmol) was added to the solution, and the resulting 
mixture was stirred at 0 °C for 30 min. To the mixture was added aldehyde S15 (0.335 M THF solution, 8.0 
mL, 2.7 mmol) at –78 °C, and the resulting mixture was warmed to 0 °C. The mixture was stirred at 0 °C for 
50 min, after which time TLC (CH2Cl2-MeOH = 10:1) indicated complete consumption of S9. The reaction 
was quenched with saturated aqueous NH4Cl, and the mixture was allowed to warm to room temperature. 
The aqueous layer was extracted with ethyl acetate three times and extracted twice with CHCl3. The 
combined organic extracts were dried over anhydrous sodium sulfate and filtered. The organic solvents were 
removed under reduced pressure to give a crude material, which was purified by silica gel column 
chromatography (CH2Cl2-MeOH = 15:1, then 10:1) to afford alcohol S16 (842.9 mg) as a diastereomeric 
mixture. 
    A 30-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar and an inlet 
adapter with three-way stopcock was charged with the above diastereomeric mixture S16 (842.9 mg) and 
CH2Cl2 (9.3 mL). To the mixture were added PhI(OAc)2 (824 mg, 2.56 mmol) and AZADO (35.4 mg, 0.233 
mmol), and the reaction mixture was stirred at room temperature for 12 h, after which time TLC 
(CH2Cl2-MeOH = 20:1, developed twice) indicated complete consumption of S16. The reaction mixture was 
treated with saturated aqueous Na2SO3 at 0 °C. The aqueous layer was extracted twice with CH2Cl2 and 
twice with ethyl acetate. The combined organic extracts were dried over anhydrous sodium sulfate and 
filtered. The filtrate was concentrated under reduced pressure to give a crude material, which was purified 
by silica gel column chromatography (ethyl acetate, then CH2Cl2-MeOH = 15:1) to afford ketone S17 (689 
mg, 1.91 mmol, 71% over 2 steps) as a colorless solid. mp = 61.6–63.6 °C; Rf = 0.34 (ethyl acetate); 1H 
NMR (400 MHz, CDCl3): δ 8.03 (dd, 1H, J = 8.8, 2.0 Hz), 7.75 (d, 1H, J = 2.0 Hz), 6.95 (d, 1H, J = 8.8 Hz), 
5.48 (s, 1H), 4.25–4.13 (m, 5H), 3.60 (ddd, 1H, J = 11.2, 9.6, 6.8 Hz), 3.43 (ddd, 1H, J = 11.2, 8.4, 2.0 Hz), 
2.91 (s, 3H), 2.49–2.38 (m, 1H), 2.12–1.95 (m, 2H), 1.90–1.76 (m, 1H), 1.50 (t, 3H, J = 6.8 Hz), 1.49 (t, 3H, 
J = 6.8 Hz); 13C NMR (100 MHz, CDCl3): δ 188.3, 169.7, 160.0, 154.5, 148.6, 126.7, 125.5, 113.1, 111.5, 
71.2, 64.7, 64.6, 59.2, 46.2, 33.4, 29.3, 22.6, 14.6, 14.5; IR (neat, cm–1): 2981, 2933, 2884, 1674, 1593, 1514, 
1432, 1397, 1265, 1209, 1153, 1132, 1038, 893, 808, 751, 632; [α]D27 = –140 (c 1.403, CHCl3); HRMS 















































    A flame-dried 30-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with S2Cl2 (66.0 
µL, 0.825 mmol) and dry Et2O (6.0 mL) under an Ar atmosphere. The solution was cooled to –78 °C. To the 
mixture was added thiol S18 (0.18 M Et2O solution, 5.0 mL, 0.90 mmol) dropwise over 5 min, and the 
resulting mixture was gradually warmed to 0 °C over 2.5 h. The solvents were removed under reduced 
pressure at 0 °C to give a crude material, which was diluted with dry THF (4.13 mL) to afford chloride S19 
as a THF solution.     
    A flame-dried 50-mL two-necked round-bottomed flask equipped with a Teflon-coated magnetic 
stirring bar and a rubber septum, and an inlet adapter with three-way stopcock was charged with S17 (140.0 
mg, 388 µmol) and dry THF (5.3 mL) under an Ar atmosphere. The solution was cooled to –78 °C. After 
stirring for 20 min, LiHMDS (1.0 M THF solution, 466 µL, 0.47 mmol) was added to the solution, and the 
resulting mixture was stirred at –78 °C for 30 min. To the mixture was added the above described THF 
solution of chloride S19 (3.5 mL), and the resulting mixture was stirred at 0 °C for 10 min, after which time 
TLC (ethyl acetate) indicated complete consumption of S17. The reaction was quenched with saturated 
aqueous NH4Cl at –78 °C, and the mixture was allowed to warm to room temperature. The aqueous layer 
was extracted with ethyl acetate three times. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered. The organic solvents were removed under reduced pressure to give a crude 
material, which was purified by flash silica gel column chromatography (hexanes-ethyl acetate = 3:4) to 
afford 379 (167.9 mg, 0.240 mmol, 62%) as a pale yellow amorphous. Rf = 0.63 (ethyl acetate); 1H NMR 
(600 MHz, CDCl3): δ 7.48 (d, 1H, J = 1.8 Hz), 7.41 (dd, 1H, J = 8.4, 1.8 Hz), 7.35–7.25 (m, 15H), 6.78 (d, 
1H, J = 8.4 Hz), 4.33 (dd, 1H, J = 11.1, 5.7 Hz), 4.14 (q, 2H, J = 7.2 Hz), 4.09 (q, 2H, J = 7.2 Hz), 3.93 (ddd, 
1H, J = 12.6, 8.4, 8.4 Hz), 3.48 (ddd, 1H, J = 12.6, 9.6, 3.6 Hz), 2.71–2.62 (m, 1H), 2.69 (s, 3H), 2.38–2.29 
(m, 1H), 2.22–2.14 (m, 1H), 2.03–1.94 (m, 1H), 1.47 (t, 3H, J = 7.2 Hz), 1.44 (t, 3H, J = 7.2 Hz); 13C NMR 
(150 MHz, CDCl3): δ 188.3, 165.5, 159.1, 154.2, 148.7, 142.8, 130.1, 128.0, 127.3, 125.2, 122.7, 113.3, 
111.4, 87.8, 73.4, 64.6, 64.5, 59.5, 46.2, 31.1, 31.0, 21.3, 14.5, 14.4; IR (neat, cm–1): 3014, 2982, 2930, 1674, 
1591, 1513, 1424, 1378, 1267, 1146, 1037, 752, 700, 667, 628; [α]D26 = –76.1 (c 0.982, CHCl3); HRMS 























































378 379 380 381
1 : 1 mixture 36% 40%
+
 
    A flame-dried 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar and a 
rubber septum was charged with 378 (19.6 mg, 28.6 µmol), 379 (20.0 mg, 28.6 µmol), and dry THF (1.1 
mL) under an Ar atmosphere. The solution was cooled to –78 °C. After stirring for 20 min, LiHMDS (1.0 M 
THF solution, 68.7 µL, 69 µmol) was added to the solution, and the resulting mixture was stirred at –78 °C 
for 10 min. The mixture was then stirred at 0 °C for additional 5 min, after which time TLC (hexanes-ethyl 
acetate = 2:3) indicated complete consumption of 378 and 379. The reaction was quenched with saturated 
aqueous NH4Cl at –78 °C, and the mixture was allowed to warm to room temperature. The aqueous layer 
was extracted with ethyl acetate three times. The combined organic extracts were dried over anhydrous 
sodium sulfate and filtered. The organic solvents were removed under reduced pressure to give a crude 
material, which was purified by flash silica gel column chromatography (hexanes-ethyl acetate = 2:3, then 
1:3) to afford 380 (14.0 mg, 20.4 µmol, 36%) as a pale yellow amorphous and 381 (15.8 mg, 22.6 µmol, 

















Rf = 0.36 (hexanes-ethyl acetate = 2:3); 1H NMR (400 MHz, CDCl3)*: δ 8.06 (dd, 1H, J = 8.4, 2.0 Hz), 7.70 
(d, 1H, J = 2.0 Hz), 7.31–7.18 (m, 10H), 7.14 (d, 2H, J = 8.4 Hz), 7.06 (d, 2H, J = 8.4 Hz), 6.98 (d, 1H, J = 
8.4 Hz), 5.51 (s, 1H), 4.00 (s, 3H), 3.94 (s, 3H), 3.74–3.63 (m, 1H), 3.54 (ddd, 1H, J = 12.0, 10.0, 2.0 Hz), 
2.89 (s, 3H), 2.55 (dd, 1H, J = 10.0, 6.8 Hz), 2.36–2.19 (m, 1H), 2.31 (s, 3H), 2.16–1.99 (m, 1H), 1.97–1.86 
(m, 1H); 13C NMR (150 MHz, CDCl3): δ 186.8, 166.8, 160.4, 154.3, 149.0, 143.1, 143.0, 140.1, 136.9, 
130.2, 130.0, 128.7, 127.9, 127.1, 125.9, 111.9, 109.9, 73.8, 73.1, 71.1, 56.2, 56.1, 47.2, 37.5, 33.7, 21.0, 
19.4 (an extra peak was observed because enol form of 380 was  included); IR (neat, cm–1): 3018, 2959, 
2932, 1675, 1594, 1514, 1418, 1265, 1214, 1153, 1021, 808, 754, 699, 666; [α]D25 = –110 (c 1.40, CHCl3); 
                                                
* 1H-NMR indicated the enol form of 380 (9%) was concomitant with 380. 
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Rf = 0.44 (hexanes-ethyl acetate = 2:3); 1H NMR (400 MHz, CDCl3)*: δ 8.00 (dd, 1H, J = 8.8, 2.0 Hz), 7.70 
(d, 1H, J = 2.0 Hz), 7.33–7.18 (m, 15H), 6.95 (d, 1H, J = 8.8 Hz), 5.50 (s, 1H), 4.22 (q, 2H, J = 6.8 Hz), 
4.16 (q, 2H, J = 6.8 Hz), 3.69 (ddd, 1H, J = 11.6, 8.8, 8.8 Hz), 3.53 (ddd, 1H, J = 12.0, 10.0, 2.0 Hz), 2.88 (s, 
3H), 2.56 (dd, 1H, J = 13.6, 6.4 Hz), 2.24 (ddd, 1H, J = 13.2, 13.2, 7.6 Hz), 2.15–1.99 (m, 1H), 1.96–1.85 
(m, 1H), 1.52 (t, 3H, J = 6.8 Hz), 1.49 (t, 3H, J = 6.8 Hz),; 13C NMR (150 MHz, CDCl3): δ 186.8, 166.7, 
160.5, 154.1, 148.5, 142.9, 130.2, 128.0, 127.9, 127.1, 125.7, 113.5, 111.1, 73.8, 73.2, 71.0, 64.59, 64.55, 
47.1, 37.4, 33.6, 19.4, 14.7, 14.6; IR (neat, cm–1): 3014, 2981, 2932, 1675, 1593, 1512, 1442, 1426, 1397, 
1262, 1215, 1151, 1037, 752, 700, 666; [α]D25 = –97.7 (c 2.97, CHCl3); HRMS (ESI) m/z: calcd. for 
C38H38N2NaO5S3, 721.1835 [M++Na]; found, 721.1829. 
































248 393  
    A 10-mL round-bottomed flask equipped with a Teflon-coated magnetic stirring bar was charged with 
248 (7.0 mg, 5.8 µmol) and CH2Cl2 (2.6 mL). The solution was added CeCl3·7H2O (0.166 M EtOH solution, 
175 µL, 29.1 µmol), and the mixture was cooled to –78 °C. After stirring for 20 min, to the mixture was 
added NaBH4 (0.116 M EtOH solution, 50 µL, 5.8 µmol), and the resulting mixture was stirred at –78 °C. 
To the reaction mixture was added additional NaBH4 after 10 min (0.116 M EtOH solution, 50 µL, 5.8 
µmol), 30 min (0.116 M EtOH solution, 50 µL, 5.8 µmol), 1.3 h (0.116 M EtOH solution, 50 µL, 5.8 µmol) 
and 3.3 h (0.116 M EtOH solution, 50 µL, 5.8 µmol), respectively. After stirring for additional 50 min, the 
reaction was quenched with saturated aqueous NH4Cl, and the mixture was allowed to warm to room 
temperature. The aqueous layer was extracted with ethyl acetate three times and extracted twice with CHCl3. 
The combined organic extracts were dried over anhydrous sodium sulfate and filtered. The filtrate was 
                                                
* 1H-NMR indicated the enol form of 381 (9%) was concomitant with 381. 
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concentrated under reduced pressure to give a crude material, which was purified by flash silica gel column 
chromatography (hexanes-ethyl acetate = 3:1, then 1:1) to afford alcohol 393 (7.0 mg, 5.8 µmol, quant) as a 
colorless solid. Rf = 0.41 (hexanes-ethyl acetate = 1:1); 1H NMR (400 MHz, CDCl3): δ 7.68 (dd, 1H, J = 8.8, 
2.0 Hz), 7.59–7.53 (m, 1H), 7.37–7.14 (m, 30H), 7.14–7.06 (m, 1H), 7.05–6.95 (m, 2H), 6.86 (d, 1H, J = 8.4 
Hz), 6.48 (d, 1H, J = 2.4 Hz), 6.23 (dd, 1H, J = 8.6, 2.2 Hz), 5.50–5.35 (m, 1H), 5.12 (d, 1H, J = 6.8 Hz), 
4.90–4.74 (m, 2H), 4.00 (s, 3H), 3.88 (s, 3H), 3.22–3.16 (m, 2H), 3.14 (s, 3H), 2.89 (d, 1H, J = 6.4 Hz); 13C 
NMR (150 MHz, CDCl3): δ 165.4, 161.7, 154.2, 150.4, 145.3, 144.9, 142.8, 142.6, 142.5, 140.3, 138.2, 
130.3, 130.1, 129.6, 128.0, 127.42, 127.37, 127.3, 125.7, 122.7, 122.3, 120.8, 112.4, 111.7, 105.4, 83.4, 75.5, 
73.6, 73.1, 70.4, 64.4, 56.2, 55.9, 39.4, 31.3; IR (neat, cm–1): 3482, 3058, 3018, 2932, 2840, 1718, 1678, 
1604, 1515, 1442, 1333, 1265, 1175, 1129, 753, 699; [α]D23 = +67.3 (c 0.588, CHCl3); HRMS (ESI) m/z: 






































    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 393 
(4.5 mg, 3.7 µmol), MES-Na61 (24.4 mg, 149 µmol), DMF (737 µL), and water (120 µL). To the mixture 
was added DIPEA (0.025 M DMF solution, 60 µL, 1.5 µmol), and the resulting mixture was stirred at room 
temperature. Since TLC (hexanes-ethyl acetate = 1:1) indicated incomplete consumption of 393 after stirring 
for 3.0 h, additional DIPEA (0.025 M DMF solution, 30 µL, 0.75 µmol) was added to the test tube. The 
mixture was stirred for additional 1.5 h, after which time TLC (hexanes-ethyl acetate = 1:1) indicated 
complete consumption of 393. The reaction was quenched with saturated aqueous NH4Cl, and the aqueous 
layer was extracted with ethyl acetate (3 mL×5). The combined organic extracts were washed with 0.5 M 
aqueous HCl, water, and brine. The resulting organic layer was dried over anhydrous sodium sulfate and 
filtered. The filtrate was sparged with O2 by balloon for 40 min and stirred for 2 h under an O2 atmosphere. 
The solution was concentrated to ca. 5 mL under reduced pressure, and the residue was diluted with hexanes 
(10 mL). The resulting solution was passed through the short pad of silica gel (hexanes-ethyl acetate = 2:1, 
then ethyl acetate-MeOH = 1:1). The ethyl acetate-MeOH fractions (ca. 30 mL) was sparged with O2 by 
balloon for 30 min and stirred for 2 h under an O2 atmosphere. The solution was concentrated under reduced 
pressure to give a crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 2:3, 
developed three times) to afford MPC1001B (6) (0.74 mg, 1.2 µmol, 33%) as a colorless solid. Rf = 0.16 
(hexanes-acetone = 2:1); 1H NMR (600 MHz, CDCl3): δ 8.04 (d, 1H, J = 2.4 Hz), 7.66 (dd, 1H, J = 8.7, 2.4 
Hz), 7.63 (d, 1H, J = 2.4 Hz), 7.16 (dd, 1H, J = 9.0, 2.4 Hz), 7.02 (d, 1H, J = 9.0 Hz), 6.89 (d, 1H, J = 8.4 
Hz), 6.64 (ddd, 1H, J = 2.1, 2.1, 2.1 Hz), 6.33 (dd, 1H, J = 8.7, 2.1 Hz), 5.44 (d, 1H, J = 12.3 Hz), 5.40 (d, 
1H, J = 7.8 Hz), 5.13 (d, 1H, J = 12.3 Hz), 5.00 (ddd, 1H, J = 8.4, 1.8, 1.8 Hz), 4.93 (dd, 1H, J = 8.1, 1.5 
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Hz), 4.17 (dd, 1H, J = 18.0, 1.2 Hz), 4.02 (s, 3H), 3.87 (s, 3H), 3.45 (s, 3H), 3.02 (ddd, 1H, J = 18.0, 1.8, 1.8 
Hz); 13C NMR (150 MHz, CDCl3): δ 166.4, 166.2, 164.4, 154.3, 152.5, 146.1, 145.9, 140.5, 139.3, 127.1, 
125.6, 125.3, 122.7, 122.7, 119.2, 112.7, 112.1, 110.9, 105.5, 78.3, 75.2, 73.0, 72.4, 62.3, 56.3, 56.0, 34.8, 
28.3; IR (neat, cm–1): 3485, 3019, 2929, 1716, 1686, 1612, 1578, 1514, 1461, 1440, 1354, 1270, 1199, 1174, 
1137, 1123, 1054, 1025, 991, 970, 909, 819, 751; [α]D26 = +214 (c 0.123, CHCl3), lit. [α]D28 = +242.6 (c 
0.23, CHCl3)8b; HRMS (ESI) m/z: calcd. for C28H24N2NaO9S2, 619.0815 [M++Na]; found, 619.0802. 
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Chemical Shift of 1H NMR in CDCl3 for Natural and Synthetic MPC1001B (6) 
natural 6 synthetic 6 Δ 
8.04 
(d, 1H, J = 2.2 Hz) 
8.04 
(d, 1H, J = 2.4 Hz) 
0.00 
7.66 
(dd, 1H, J = 8.5, 2.0 Hz) 
7.66 
(dd, 1H, J = 8.7, 2.4 Hz) 
0.00 
7.63 
(d, 1H, J = 2.0 Hz) 
7.63 
(d, 1H, J = 2.4 Hz) 
0.00 
7.15 
(dd, 1H, J = 8.4, 2.2 Hz) 
7.16 
(dd, 1H, J = 9.0, 2.4 Hz) 
0.01 
7.01 
(d, 1H, J = 8.5 Hz) 
7.02 
(d, 1H, J = 9.0 Hz) 
0.01 
6.88 
(d,1H, J = 8.4 Hz) 
6.89 
(d,1H, J = 8.4 Hz) 
0.01 
6.63 
(ddd, 1H, J = 2.2, 2.2, 2.2 Hz) 
6.64 
(ddd, 1H, J = 2.1, 2.1, 2.1 Hz) 
0.01 
6.32 
(dd, 1H, J = 8.3, 2.2 Hz) 
6.33 
(dd, 1H, J = 8.7, 2.1 Hz) 
0.01 
5.44 
(d, 1H, J = 12.3 Hz) 
5.44 
(d, 1H, J = 12.3 Hz) 
0.00 
5.40 
(dddd, 1H, J = 8.8, 2.2, 2.0, 1.0 
Hz) 
5.40 
(brd, 1H, J = 7.8 Hz) 
0.00 
5.12 
(d, 1H, J = 12.3 Hz) 
5.13 
(d, 1H, J = 12.3 Hz) 
0.01 
4.99 
(ddd, 1H, J = 8.8, 2.2, 1.7 Hz) 
5.00 
(ddd, 1H, J = 8.4, 1.8, 1.8 Hz) 
0.01 
4.93 
(dd, 1H, J = 8.3, 1.7 Hz) 
4.93 
(dd, 1H, J = 8.1, 1.5 Hz) 
0.00 
4.16 
(ddd,1H, J = 18.1, 2.2, 1.1 Hz) 
4.17 


















(ddd,1H, J = 18.1, 2.2, 2.0 Hz) 
3.02 








166.4  166.4  0.0  
166.2  166.2  0.0  
164.4  164.4  0.0  
154.3  154.3  0.0  
152.6  152.5  0.1  
146.2  146.1  0.1  
146.0  145.9  0.1  
140.6  140.5  0.1  
139.4  139.3  0.1  
127.1  127.1  0.0  
125.6  125.6  0.0  
125.4  125.3  0.1  
122.8  122.7  0.1  
122.8  122.7  0.1  
119.3  119.2  0.1  
112.8  112.7  0.1  
112.2  112.1  0.1  
111.0  110.9  0.1  
105.6  105.5  0.0  
78.4  78.3  0.1  
75.3  75.2  0.1  
73.0  73.0  0.0  
72.5  72.4  0.1  
62.3  62.3  0.0  
56.4  56.3  0.1  
56.0  56.0  0.1  
34.9  34.8  0.1  
28.3  28.3  0.0  
 
9. Pd-catalyzed cross-coupling of enol triflate  




















65 °C to 85 °C, 50 min
73% 397148  
    A 10-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with enol triflate 
148 (23.4 mg, 38.5 µmol), Pd(OAc)2 (4.3 mg, 19 µmol), PPh3 (10.0 mg, 38.1 µmol), and dry DMF (385 µL) 
under an Ar atmosphere. To the test tube were added LiCl (4.9 mg, 0.12 mmol) and Me4Sn (32.0 µL, 231 
µmol). The reaction mixture was warmed to 65 °C and stirred for 20 min, after which time TLC 
(hexanes-ethyl acetate = 6:1, developed three times) indicated incomplete consumption of enol triflate 148. 
The mixture was warmed to 85 °C and stirred for another 30 min, after which time TLC (hexanes-ethyl 
acetate = 6:1, developed three times) indicated complete consumption of enol triflate 148. The reaction 
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mixture was cooled to room temperature and diluted with ethyl acetate. The organic phase was washed with 
water three times, saturated aqueous NaHCO3, and brine. The organic layer was dried over anhydrous 
sodium sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a crude material, 
which was purified by preparative TLC (hexanes-ethyl acetate = 10:1, developed twice) to afford methylated 
product 397 (13.4 mg, 28.3 µmol, 73%) as a colorless oil.; Rf = 0.51 (hexanes-ethyl acetate = 6:1, developed 
three times); 1H NMR (400 MHz, CDCl3): δ 7.42–7.16 (m, 5H), 6.32–6.22 (m, 1H), 5.24 (d, 0.3H, J = 12.4 
Hz), 5.18 (d, 0.7H, J = 12.6 Hz), 5.13 (d, 0.3H, J = 12.4 Hz), 5.01 (d, 0.7H, J = 12.6 Hz), 4.91 (dd, 0.7H, J = 
7.4, 1.4 Hz), 4.84–4.76 (m, 1H), 4.74–4.59 (m, 1.3H), 4.55–4.45 (m, 1H), 3.74 (s, 0.9H), 3.52 (s, 2.1H), 
3.18–3.02 (m, 0.7H), 2.91–2.82 (m, 0.6H), 2.56–2.44 (m, 0.7H), 1.81 (s, 0.9H), 1.78 (s, 2.1H), 0.83 (s, 6.3H), 
0.81 (s, 2.7H), 0.00 (s, 2.1H), –0.06 (s, 2.1H), –0.09 (s, 0.9H), –0.14 (s, 0.9H); 13C NMR (100 MHz, 
CDCl3): δ 173.2, 173.1, 154.8, 154.2, 145.3, 145.1, 143.59, 143.56, 136.3, 128.5, 128.4, 128.1, 128.0, 115.6, 
114.3, 105.9, 105.7, 68.1 ,67.2, 67.0, 66.7, 64.7, 64.0, 60.2, 59.7, 52.3, 52.1, 33.6, 32.7, 25.74, 25.71, 18.0, 
17.91, 17.88, 17.8, –4.4, –4.5, –4.9, –5.0; IR (neat, cm–1): 2953, 2928, 2855, 1753, 1710, 1643, 1437, 1408, 
1344, 1313, 1291, 1255, 1202, 1165, 1114, 1084, 1066, 1015, 940, 836, 697; [α]D28 = –233 (c 1.34, CHCl3); 
HRMS (ESI) m/z: calcd. for C25H35NNaO6Si, 496.2126 [M++Na]; found, 496.2112. 
 




















82%148 398  
    A flame-dried 2-mL test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
enol triflate 148 (11.1 mg, 18.3 µmol), Pd(OAc)2 (0.8 mg, 4 µmol), PPh3 (1.9 mg, 7.2 µmol), and dry DMF 
(136 µL) under an Ar atmosphere. To the mixture was added PhZnI·LiCl in THF (0.781 M, 46.8 µL, 36.6 
µmol) at room temperature. The resulting mixture was stirred at room temperature for 20 min, after which 
time TLC (hexanes-ethyl acetate = 6:1, developed three times) indicated complete consumption of enol 
triflate 148. The reaction mixture was treated with 1 M aqueous HCl and diluted with ethyl acetate. The 
organic phase was washed with water three times, saturated aqueous NaHCO3, and brine. The organic layer 
was dried over anhydrous sodium sulfate and filtered, and the filtrate was concentrated under reduced 
pressure to give a crude material, which was purified by preparative TLC (hexanes-ethyl acetate = 10:1, 
developed three times) to afford phenylated product 398 (8.0 mg, 15 µmol, 82%) as a colorless oil.; Rf = 
0.59 (hexanes-ethyl acetate = 6:1, developed three times); 1H NMR (400 MHz, CDCl3): δ 7.42–7.27 (m, 
10H), 6.444 (d, 0.7H, J = 7.2 Hz), 6.439 (d, 0.3H, J = 6.8 Hz), 5.28 (d, 0.3H, J = 12.6 Hz), 5.20 (d, 0.7H, J = 
12.2 Hz), 5.16 (d, 0.3H, J = 12.6 Hz), 5.13–4.94 (m, 2.4H), 4.84 (dd, 0.7H, J = 7.4, 7.4 Hz), 4.77 (dd, 0.3H, 
J = 7.4, 7.4 Hz), 4.72 (dd, 0.3H, J = 7.0, 1.4 Hz), 4.63–4.49 (m, 1H), 3.70 (s, 0.9H), 3.50 (s, 2.1H), 
3.40–3.26 (m, 1H), 2.80–2.67 (m, 1H), 0.85 (s, 6.3H), 0.83 (s, 2.7H), 0.03 (s, 2.1H), –0.03 (s, 2.1H), –0.06 
(s, 0.9H), –0.11 (s, 0.9H); 13C NMR (100 MHz, CDCl3): δ 172.9, 172.7, 154.8, 154.3, 146.0, 145.82, 145.78, 
145.7, 136.28, 136.27, 135.6, 135.5, 128.6, 128.4, 128.16, 128.1, 127.2, 120.7, 119.4, 107.6, 107.5, 67.9, 
67.3, 67.1, 66.5, 65.4, 64.7, 60.6, 60.1, 52.3, 52.2, 34.3, 33.4, 26.0, 25.8, 25.7, 17.92, 17.89, –4.5, –4.6, 
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–4.97, –5.03; IR (neat, cm–1): 2953, 2928, 2855, 1751, 1713, 1644, 1437, 1408, 1344, 1309, 1294, 1255, 
1201, 1176, 1123, 1083, 963, 914, 836, 780, 697; [α]D28 = –128 (c 0.693, CHCl3);  HRMS (ESI+) m/z: 
calcd. for C30H37NNaO6Si, 558.2282 [M++Na]; found, 558.2274.  
 




















rt to 50 °C, 6 h
33%148 399  
    A 10-mL screw-top test tube equipped with a Teflon-coated magnetic stirring bar was charged with 
enol triflate 148 (10.6 mg, 17.4 µmol), PdCl2(PPh3)2 (2.4 mg, 3.4 µmol), CuI (0.7 mg, 4 µmol), Et3N (7.3 µL, 
52 µmol), trimethylsilylacetylene (3.6 µL, 26 µmol), and dry THF (716 µL). The resulting mixture was 
stirred at room temperature for 20 min, then warmed to 50 °C. To the test tube were added additional 
trimethylsilylacetylene after 2 h (7.2 µL, 52 µmol), 3.3 h (10.8 µL, 78.0 µmol), and 4.3 h (10.8 µL, 78.0 
µmol), respectively. After another 1.3 h, the reaction mixture was cooled to room temperature and diluted 
with ethyl acetate and water. The resulting mixture was extracted with ethyl acetate three times and the 
combined organic extracts were washed with brine. The organic layer was dried over anhydrous sodium 
sulfate and filtered, and the filtrate was concentrated under reduced pressure to give a crude material, which 
was purified by preparative TLC (hexanes-ethyl acetate = 10:1, developed three times) to afford starting 
enol triflate 148 (5.3 mg, 8.7 µmol, 50%) as a colorless oil and alkyne 399 (3.2 mg, 5.8 µmol, 33%) as a 
pale brown oil.; Rf = 0.59 (hexanes-ethyl acetate = 6:1, developed twice); 1H NMR (400 MHz, CDCl3): 
δ 7.39–7.26 (m, 5H), 6.31 (d, 0.7H, J = 7.6 Hz), 6.30 (d, 0.3H, J = 7.2 Hz), 5.24 (d, 0.3H, J = 12.4 Hz), 5.19 
(d, 0.7H, J = 12.0 Hz), 5.13 (d, 0.3H, J = 12.4 Hz), 5.01 (d, 0.7H, J = 12.0 Hz), 4.97–4.84 (m, 1.7H), 
4.83–4.67 (m, 1H), 4.64 (dd, 0.3H, J = 7.4, 1.4 Hz), 4.58–4.49 (m, 1H), 3.76 (s, 0.9H), 3.53 (s, 2.1H), 
3.30–3.14 (m, 1H), 2.77–2.65 (m, 1H), 0.84 (s, 6.3H), 0.81 (s, 2.7H), 0.22 (s, 2.7H), 0.21 (s, 6.3H), 0.01 (s, 
2.1H), –0.05 (s, 2.1H), –0.08 (s, 0.9H), –0.14 (s, 0.9H); 13C NMR (150 MHz, CDCl3): δ 172.8, 172.7, 154.6, 
154.2, 145.3, 145.0, 136.13, 136.12, 130.04, 130.00, 129.5, 128.6, 128.4, 128.3, 128.2, 128.1, 128.0, 106.4, 
106.3, 100.0, 99.8, 97.3, 97.2, 67.6, 67.4, 67.2, 66.2, 65.6, 64.9, 60.1, 59.7, 52.4, 52.2, 34.8, 33.9, 26.0, 
25.74, 25.70, 17.93, 17.91, –0.3, –4.46, –4.52, –4.95, –5.02; IR (neat, cm–1): 2955, 2929, 2856, 1750, 1715, 
1407, 1341, 1253, 1173, 1081, 947, 843, 781, 759, 698; [α]D26 = –111 (c 0.292, CHCl3); HRMS (ESI+) m/z: 






















Table 1.  Crystal data and structure refinement for compound 235. 
Identification code  compound 235 
Empirical formula  C29 H28 Cl2 N2 O9 
Formula weight  619.43 
Temperature  173(2) K 
Wavelength  0.71075 Å 
Crystal system  orthorhombic 
Space group  P212121 
Unit cell dimensions a = 11.2560(4) Å α = 90°. 
 b = 15.5274(4) Å β = 90°. 
 c = 16.4080(5) Å γ = 90°. 
Volume 2867.73(15) Å3 
Z 4 
Density (calculated) 1.435 Mg/m3 
Absorption coefficient 0.284 mm-1 
F(000) 1288 
Crystal size 0.30 x 0.30 x 0.15 mm3 
Theta range for data collection 3.07 to 27.42°. 
Index ranges -14<=h<=14, -20<=k<=20, -21<=l<=20 
Reflections collected 26980 
Independent reflections 20172 [R(int) = 0.0455] 
Completeness to theta = 27.42° 96.2 %  
Max. and min. transmission 0.9586 and 0.9195 
Refinement method Full-matrix least-squares on F2 
Data / restraints / parameters 20172 / 3 / 1529 
Goodness-of-fit on F2 1.213 
Final R indices [I>2sigma(I)] R1 = 0.0537, wR2 = 0.1269 
R indices (all data) R1 = 0.0886, wR2 = 0.1627 
Absolute structure parameter -0.03(5) 
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